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PREFACE 



The primary purpose of training is to produce a combat Navy 
which can guarantee victory at sea. This victory is dependent upon 
the readiness of the personnel aboard. Each individual is assigned 
tasks to perfc m dependent upon the needs of the ship. The informa- 
tion in this . inual relates to tasks required to meet shipboard 
needs — tasks that are assigned to personnel aboard ship, serving 
as a Patternmaker Third Class and Pauernmaker Second Class. This 
rate training manual provides information related to the duties re- 
quired operate and maintain pattern shop equipment and the man- 
ufacture and maintenance of shipboard patterns. It is only when we 
have personnel aboard who can and do perform these tasks efficiently 
that we v.ill have each ship operating at a high state of readiness and 
add her contribution essential to victory at sea. When you are assigned 
duties aboard ship as an PM3 or PM2. you wiU be expected to have a 
thorough knowledge of the information contained in this manual. The 
degree of success of Uie Navy will depend in part on the ablUty you 
possess and the manner in which you perform your assigned duties. 
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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is wpon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 



W£ SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us: our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 



THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea. under 
the sea. and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynote/ of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 

PREPARING FOR YOUR CAREER 
AS A PATTERNMAKER 



If you want to be the key figure in the triple 
play of the Patternmaker to Molder to Machinery 
Repairman and want to build and create items 
from wood and metal, want to use your hands 
and head — and if you can visualize, imagine, 
and draw, as well as work with tools. Pattern- 
making is the job for you. Patternmaking is 
one of t\ye most interesting and challenging 
jobs anyone can have in civilian and military 
life. T'.ie work is never monotonous because 
every pattern presents new and different 
problems. 

Among skilled men, ashore and afloat, the 
old-fashioned wood plane rating insignia is 
recognized as the emblem of a craftsman 
possessing the creative conception, practical 
abiUty, precise skill, and sound judgment com- 
bined with practical knowledge necessary to 
transform an idea into an object having the 
length, breadth, and thickness required to 
produce any conceivable form to be cast in 

metal. . 

In this chapter, and the others that follow, 
you will find general and technical information 
which will aid you in attaining the knowledge 
and skills necessary to win the Patter nnxaker's 
emblem. Start working for it now. It's worth 
having. Keep in mind, however, that you cannot 
depend on the printed word alone to become 
a Patternmaker: you must supplement the 
information you obtain from books with actual 
practice, and with the knowledge acquired from 
observing experienced men at work. 

ThU training manual will aid you in furthering 
your career as a Patternmaker. However, it 
is not a prerequisite to advancement. It is. 
Instead, a manual designed to aid in your training 
so that you may reach higher and higher levels 
of proficiency as a Patternmaker. 

The occupational, professional, or technical 
quals for the PM rating that were used as a 
guide In the preparation of this manual were 
current through change 2 (1972) to the Manual 
of Qualifications for Advancement, NAVPERb 



18068-C . Therefore, ^ in the quaUfications 

occurring after change - to NAVPERS 18068-C 
are not necessarily reflected in the information 
given here. 

The Information contained in this training 
manual has been organized in such a way as to 
permit you to progress at a reasonable rate 
from the general and technical subject matter 
related to the PM rating to simple patterns, 
and finally to more complex patterns and core 

l)OXCS* 

Chapter 2 provides information on the various 
foundry processes, the basic parts of the mold, 
and the basic design rules necessary for the 
construction of a pattern that will be used in the 
production of a sound, usable casting. 

Chapters 3, 4, and 5 discuss woodworking 
handtools, portable power handtools, and wood- 
working machinery. 

Chapters 5 andSdiscuss the various structural 
materials used in Navy patternmaking and the 
construction techniques used m assembling and 
constructing patterns. 

Chapters 8 and 9 discuss the mathematics 
of patternmaking, blueprint reading, and layout 
construction. 

Chapters 10 and 11 discuss the various types 
of pattern equipment, cor'^s, and core boxes 
that you should be familiar with in o»der to 
become an effective PM. 

Chapters 12 through 16 are actual pattern 
projects, starting with a simple pattern and 
progressing into more complex patterns and core 
boxes. These projects are designed to give you 
a broad knowledge of the various construction 
techniques employed in the PM trade. 

On the last page of each chapter, when 
appropriate, you wiU find definitions of technical 
terms that appear in the following chapter for 
the first time in the manual. You must learn 
these terms and their definitions as they are 
part of the PM's "language." It is not possible 
to understand patternmaking nor what another 
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PM is talking alKuit without a ^oik\ voc:i')Mlary 
of these tvrni:^. 

The ivmiinUcr of this chaptt^r ^ivts informa- 
tion on the Patternmaker rating, the rcviuirvnients 
for advancement ami referenees that will help 
you in reaching hiy;her standards m the {xr- 
formanee oi yum duties. Ihis ch:ipter also 
includes informatU)r* on how to make the l)c*st 
use of rate training ma lals. T'lerefore, it is 
recommended that you study this chapter care- 
fully fieforo l)eginning intensive study of the 
remainder of this manual. 



THK PA rrKHNMAKKU RATING 

The Patternmaker rating, which is a general 
rating, doi^s not have any service or eniergtMicy 
ratings. Th«* -eoix.* ol the Patternnr.iker rating 
entails the responsibility of making wood, 
plaster, and metal patterns, core lioxes, and 
flasks US' by the Molder in a Navy foundry; 
mounting patterns on match plates and follow 
l>oards for production molding; making master 
patterns; making full-scale layouts of wooden 
patterns, core l)oxes, and templates; and indexing 
and storing patterns. 

In general, ti:e Patternmaker is assigned to 
a repair ship or tender where he operates the 
p<»wer-driven woodworking machinery and the 
handtools necessary to construct a pattern which 
is used as a tool in the hands of the Molder 
to produce a ..onnd usable castings Aboard a 
repair ship or tender, you will find the carpenter 
and the pattern shops together. These two 
activities are placed next to each other and 
share the use of the same woodworking machines 
and equipment. Space is precious as repair 
ships aud tenders are combinations of a floating 
navy yard, a supply depot, and a training 
station. 

In the pattern shop of a repair ship or tv»nder, 
the Fireman, who is striking for Patternmaker 
3, is basically on the getting acquainted-orienta- 
tion detail. I'sually he has had some experience 
in woodworking or mechanical drafting l)efore 
coming into the Navy. There are usually one or 
two strikers in each pattern shop; they help the 
third, second, and first class Patternmakers In 
the performance of their duties. The striker 
cleans, sandpapers, shellacs, and stores patterns. 
As he progresses, he helps make the simple 
patterns and learns the fundamentals of the 
trade. One of his principle dutief. is learning 



how to maintain all of the woociworking machines 
in the shop and learning all the i)ertinent safety 
I)recautions. 

There is also a Patternmaker Third Class 
who has started to go places in the Patternmaker 
rating. He reads blueprints and makes simple 
patterns from them. I sually he makes his pat* 
terns from worn or broken castings. Occasionally 
he will help make a required core box of a more 
complicated nature. In actual practice, many 
third and second class learn to do this in the 
lower ratings. 

The Patternmaker Second Class gets into 
the more complicated pattern and core box 
work. He makes patterns from blueprints that 
require more detailed work, such as the hand* 
carving of pattern members. He also makes 
core boxes as necessaiy. 

In the normal complement of a shipboard 
pattern shop there is a Pattermnaker First 
Class and a Chief Patternmaker. The PMl 
handles the more detailed patterns and core 
lx)xes. In the absence of the chief, he takes over 
the responsibility of the operation of the pattern 
shop. The PMC is usually primarily interested 
in supervisory duties. He trains the lower rated 
mm, asslg;is work, checks the quality of the 
workmanship, handles personnel matters, works 
out new procedures , makes reports , orders 
supplies and materials, and performs other 
additional duties required of the Chief Petty 
Officer. 

As a Patternmaker, you will be concerned 
mostly with repair activities. The Navy operates 
a number of different types of repair ships, but 
those to which you are most likely to be assigned 
are destroyer tenders (AD), repair ships (AR), 
internal combustion engine repair ships (ARG), 
heavy-huU - ^p^ir ships (ARH), and submarine 
tenders (AS\ Repair ships and tenders are 
specially oe^igned naval ships whose primary 
mission is to provide repair facilities and 
services to the forces afloat. These ships are 
floating bases, capable of accomplishing a large 
variety of general and speciaUzed work. In 
theory and in fact, these ships are small scale 
navy yards. 

When your assignment sends you to shore 
duty, you will work within the framework of 
an organization having a similar repair mission. 
Occasionally the Patternmaker performs duties 
other than those of l.:s rating, such as shore 
patrol, master at arms, and special details. 
Naturally, there are some exceptions, but gen- 
erally, a Patternmaker, whether ashore or afloat, 
is assigned to the repair department. 
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The Patternmiker should have a good back- 
ground in and an aptitude for mathematics. For 
those lacking in this area, the training nnnuals 
listed later in this chapter are strongly recom- 
mended. In addition to mithematics, the Navy 
Patternmaker should have a working knowledge 
of foundry and machine shop practices. The 
Patternmaker must have an ability to work with 
his hands as well as his m'nd. Howe\^er, if you 
have not had much experience working with your 
hands, vou will gain confidence In yourself 
and in your work through performance of youi' 
daily duties. 

Your ability as a Patternmaker is not 
measured in terms of the amount of shop equip- 
ment tnat you can operate, but youx- ability is 
measured in terms of how well you can get the 
most out of the existing equipment to get the 
job done. Kegardless of the t>-pe of shop equip- 
ment .hat you may have at your duty assignment, 
the experience gained will »>e beneficial in helping 
you progress to the higher levels of pattern- 
making. 

As stated In General Order 21, naval leader- 
ship Is "the art of accomplishing the Navy s 
mission through people." As you prepare for 
advancement to Patternmaker Third Class and 
then to Patternmaker Second Class, you will hear 
a great deal about your responsibility in 
connection with General Order 21 and the naval 
leadership program. The object of the general 
order Is to revitalize and reemphasl?.e naval 
leadership in all its aspects. You must be a 
respected and accomplished example of military 
and professional competence In order to 
accomplish the four basic principles of your 
naval mission which are: 

1. Assure the highest level of combat ef- 
fectiveness now and In the future. 

2. Maintain good order and discipline. 

3. Achieve the objectives of the Department 
of Defense Human Goals Program as set forth 
by the Secretary of Defense In 1969. 

4. Implement the various people-oriented 
directives as set forth by the Chief of Naval 
Operations (CNO). 

Although the general principles and techniques 
of leadership are fully covered i"^, J'til^aJ^y 
Requirements for Petty Officer 3 & 2. NA\ PERS 
10056-C, consider how you can live up to General 
Order 21 on a day-to-day basis. 



.Vssume that you are aboard sh'p assigned 
to the pa'.tern shop. .Assume you also are the 
senioi- Patternm:^kcr a»x)ard and that you have 
severra PM strikers in the shop. A big pirt of 
y.)ai- job Is to 1« arn everything you can a»)out 
"patternmaking and oundry practice so you will 1)0 
able to pass this Information and knowledge to 
voux' men. You must also inspire your strikers 
to do their work as efficiently as possible. 

A characteristic of the American fighting man 
Is that he wants to know the reason »)ehind his 
Jjeing called upon to |)erform certain tasks. You 
must explain to your strikers the importance 
of their work and how it affects the overall 
fighting efficiency of your ship. Show them that 
even routine tasks greatly contribute to the 
overall effort. Dui ing exercises and drills, make 
them feel that they are contributing to the 
overall efficiency of the ship. \M:en led with 
coia-age. spirit, and Intelligence, your men will 
rcsiKjnd by backing you up. HememJ)er tliat 
enthusiasm' is contagious, therefore you must 
serve as the inspiration for your men. 

To lead your men effectively and gain the 
confidence of yoiu» superiors, you must also 
have a strong moral character. Some of the 
character traits 'hat can l)e developc«d by 
conscientious study and practice are loyalty. 
Integrity, and self-confidence. 

Lovalty Is one of the most essential qualities 
of a good leader. Loyalty to your country, to your 
Navy, to your division, to your chief, vo your 
senior petty officers, and to the men who work 
with and for you is essential If you are to 
succeed. 

Deal with your men squarely and honestly. 
If you do, you will win and hold their respect. 
Be dependable. Keep your promises. A reputation 
of being a "square shooter" Is worth every 
effort you put into obtaining it. 

Remember that good leaders display self- 
confidence based on the rough knowledge of their 
job and the ability to perform their job. If you 
have confidence In yourself, you will not find It 
difficult to Inspire confidence In your men. 

TRAINING FOR THE JOB 

Highly trained personnel are essential to the 
successful functioning of the Navy. As you continue 
your training and become more and more pro- 
ficient In job performance, you as well as the 
Navy Ijeneflt. In addition to enjoying the satis- 
faction of getting ahead In your chosen Navy 
career, you will be regarded with greater respect 
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by officers and enlisted {KTsonnel, your job 
assignments will Ijeconie n^oro interesting and 
more challenging, and your pay will increase. 
As you advance from out rate level to the 
next, you increase your value to the Navy in 
two ways. First, you become more valuable as 
a specialist in your own rating, and second, 
you become more valuable as a person who can 
train others and thus m.xke far-reaching contri- 
butions to the entire Navy. 

QUALIFYING FOR THE JOB 

W hat must you do to meet the job require- 
ments? The requirements may change from 
time to time, but usually you must: 

1. Have a certain amount of time in your 
present grade. 

2. Complete the required military and rating 
manuals. 

3. Demonstrate your ability to perform all 
those practical requirements applicable to the 
rate for which you are striving and have them 
checked off on the Record of Practical Factors 
NAVTHA 1414/1. 

4. Be reconmiended by your commanding 
officer after the petty officers and officers 
sujjervising your work have indicated that they 
consider you capable of performing the duties 
of the next higher rate. 

5. Demonstrate your knowledge by passing 
written examinations on the occupational and 
military qualification standards for advancement. 

Some of these general requirements may be 
modified in certain ways. Figure 1-1 gives a 
more detailed view of the requirements for 
advancement of active duty personnel; figure 
1-2 gives this information for inactive duty 
IXTSonnel. 

Hemem})er that the qualifications for advance- 
ment can change. Check with your division officer 
or training officer to i>e sure that you know the 
m St recent qualifications. 

Advancement is not automatic. Even though 
you have met all the requirements, including 
passing the written examinations, you may not 
be able to "sew on the crow" or "add a stripe." 
The numficr of men in each rate and rating is 
controlled by a Nav>-wide basis. Therefore, the 
numf>er of men who may fje advanced is limited 
by the numtjer of vacancies that exist. When the 
numljcr of men passing the examination exceeds 
the numi)er of vacancies, some system must be 



used to determine which men m.iy be advanced 
and which may not. The system used is the 
"final multiple" and is a combination of three 
types of advancement systems. 

Merit rating system 
Personnel testing system 
Longevity, or seniority, system 

The Navy's system provides a credit for per- 
formance, knowledge, and seniority, and, while 
it cannot guarantee hat any one person will 
be advanced, it does ^ *antee that all men within 
a particular rating wi have equal advancement 
opportunity. 

A change in promotion policy has been 
implemented — the Passed- But-Not-Advanced 
(PNA) Factor. Under this policy, effective with 
the August 1972 examination, a man that passed 
the examination, but was not advanced can gain 
points toward promotion in his next attempt. 
Cp to three multiple points can be gained in a 
single promotion period. The points can then be 
accumulated over six promotion periods up to 
a maximum of 15. The addition of the PNA 
factor, with its 15 points maximum, raised the 
number of points possible on an examination 
multiple from 185 to 200. This gives the examinee 
added incentive to keep trying for promotion 
in spite of repeated failure to gain a stripe 
because of quota limitations. 

The following factors are considered in 
computing the final multiple. 



Factor 

Examination Score 

Performance (Average 
of marks received) 

Total Active Service 
(1 per yr) 

Time in Present Grade 
(2 per yr) 

Medals and Awards 

PNA. (Maximum 3 per 
exam cycle) 



Maximum 

Point? Weight 



80 

50 

20 

20 
15 




m 

25% 

10% 

10% 
7.5% 

7.5% 
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REQUIREMENTS* 



El to E2 E2 to E: 



SERVICE 



mo8* 
servlce- 

or 
comple- 
1 ion of 
! \ecrult 
Training. 



SCHOOL 



PRACTICAL 
FACTORS 



PERFORMANCE 
TEST 



ENLISTED 
PERFORMANCE 
EVALUATION 



Recruit 
Training. 
(CO. 
may ad- 
vance up 
to 10% 
of gradu- 
ating 
class.) 



Locally 
prepared 
check- 
offs. 



8 
as 



mos. 
E-2. 



* E3 
to E4 



#t E4 
to E5 



6 mos. 
as E-3. 



12 mos. 
as E-4. 



fES 
to E6 



Class A 
for PR3, 
DT3, 
PT3, 
AME 3, 
HM 3, 
PN3, 
FTB3, 
MT3. 



24 mos. 
as E-5. 



tE6 
to E7 



36 mos. 
as EC. 
8 years 
total 
enlisted 
service. 



tE7 
to E8 



Class B 
for AGC, 
MUC, 
MNC.tt 



36 mos. 
as E-7. 
8 of 11 

years 

total 
service 
must be 
enlisted 



tE8 

to ES 



24 mos. 
as £-8. 
10 of 13 

years 

iotal 
service 
must be 
enlisted. 



Record of Practical Factors, NavEdTra 1414/1, must be 
completed for E-3 and all PO advancements. 



EXAMINATIONS 



RATE TRAINING 
MANUAL (INCLUD- 
mO MILITARY 
REQUIREMENTS) 



AUTHORIZATION 



As used oy CO 
when approving 
advancement. 



Locally 
prepared 
tests. 



See 
below. 



Specified ratings must complete 
applicable performance tests be- 
fore taking examinations. 

Counts toward performance factor 
vancement multiple. 

Navy-wide examinations re(;uired 
for all PO advancements. 



Required for E-3 and all PO advancements 
unless waived because of school comple- 
tion, but need not be repeated if identtcal 
course has already been completed. See 
NavEdTra 10052 (current edition). 



credit in ad- 



Navy-wide, 
selection board. 

Nonresident career] 
courses and 
recommended 
reading. See 
NavEdTra 10052 
current edition) 



Commanding 
Officer 



Naval Examining Center 



.! » N^?rT5?^'^^ciN »; locally prepared «sts may be used. 

ii Waived for qualified EOD personnel. 



Figure 1-1.— Active duty advancement requirements. 
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REQUIREMENTS * 


El to 
E2 


E2 to 
E3 


E3 to 
E4 


U to 
E5 


E5 to 
E6 


E6 to 
E7 


E8 


E9 


TOTAL TIME 
IN GRADE 


4 mos. 


8 mos. 


6 m^s. 


12 mos. 


24 mos. 


with 
total 
8 yrs 
service 


with 
total 
11 yrs 
service 


91 flint 

with 
total 
13 yrs 
service 


TOTAL TRAINING 
DUTY IN GRADE t 


14 days 


14 days 


14 days 


14 days 


28 days 


42 days 


42 days 


28 days 


PERFORMANCE 
TESTS 




Specified ratings must complete appiicabl 
performance tests before taking examinati 


e 

on. 


DRILL 
PARTICIPATION 


Satisfactory participation as a memlier of a drill unit 
in accordance witli BUPERSINST 5400.42 series. 


PRACTICAL FACTORS 
(INCLUDING MILITARY 
REQUIREMENTS] 


Record of Practical Factors, NavEdTra 1414/1, must 
be completed for all advancements. 


RATE TRAINING 
MANUAL (INCLUDING 
MILITARY REQUIRE- 
MENTS) 


Completion of applicable course or courses must be entered 
in service record. 


EXAMINATION 


Standard Eiam 


Standard Exam 
required for all PO 
advancements. 
Also pass 
Military Leadership Exam 
for E-4 and E-5. 


Standard Exam. 
Selection Board. 


AUTHORIZATION 


Commanding 
Officer 


NA VEDTRAPRODE VC EN 



•Hscommendatlon by commanding officer required for all advancements, 
f Active duty periods may be substituted for training duty. 



Figure 1-2.— Inactive duty advancement requirements. 
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All of the above information (except the 
examination score and the PNA factor) is sub- 
mitted to the Naval Examining Center with your 
examination answer sheet. After grading, the 
examination scores, for those passing, and the 
PNA points (additional points awarded to those 
who previously passed the examination but were 
not advanced) are added to the other factors 
to arrive at the final multiple. A precedence 
list, which is based on final multiples, is then 
prepared for each pay grade within each rating. 
Advancement authorizations are then issued, 
beginning at the top of the list, for the number 
of men needed to fill the existing vacancies. 

PREPARING FOR THE TASK 

What must you do to prepare for the next 
level of proficiency? You must study the qualifi- 
cations for advancement, work on the practical 
factors, study the required rate training manuals, 
and study other material that is required to 
meet job requirements. This will require that 
you be familiar with (1) the Quals Manual, 
(2) the Record of Practical Factors, NAVTRA 
1414/1, (3) a NAVTRA publication called Bibli- 
ography for Advancement Study, NAVTRA 10052, 
and (4) applicable rate training manuals. The 
following sections describe these materials and 
give you some practical suggestions on how to 
use them in preparing for the next level of 
proficiency. 

The Quals Manual 

The Manual ofQualifications for Advancement, 
NAVPERS 18068 (with changes), gives the 
minimum requirements for levels of proficiency 
within each rating. This manual is usually called 
the "Quals Manual," and the qualifications them- 
selves are often called "quals." The quaUfi- 
catlons are of two general types: (1) military 
requirements, and (2) professional or technical 
qualifications. 

MILITARY REQUIREMENTS apply to all 
ratings rather than to any one particular rating. 
Military requirements for advancement to third 
class and second class petty officer rates deal 
with military conduct, naval organization, mili- 
tary justice, security, watch standing, and other 
subjects which are required of petty officers In 
all ratings. 

PROFESSIONAL QUALIFICATIONS are tech- 
nical or professional requirements that are 
directly related to the work of each rating. 



Both the military requirements and the pro- 
fessional qualifications are divided Into subject 
matter groups; then, within each subject matter 
group, they are divided Into PRACTICAL FAC- 
TORS and KNOWLEDGE FACTORS. Practical 
factors are things you must be |ible to DO. 
Knowledge factors are things you mvst KNOW 
In order to perform the duties of ; oar rating. 

Study these qualifications and the military 
requirements carefully. The written examination 
for advancement will contain questions relating 
to the practical factors and the knowledge 
factors of both the mlUtary requirements and 
the professional qualifications. If you are working 
for advancement to second class, remember 
that you may be examined on third class 
qualifications as well as on second class qualifi- 
cations. 

The Quals Manual Is kept current by means 
ot cianges. The professional qualifications for 
your rating were- current at the time this manual 
was printed. By the time you are studying 
this manual, however, the quals for your rating 
may have been changed. Never trust any set 
of quals until you have checked the change 
number against an UP-TO-DATE copy of the 
Quals Manual. 

Record of Practical Factors 

Before you can take the servlcewlde exam- 
ination for advancement, there must be an 
entry In your service record to show that you 
have qualified In the practical factors of both 
the military requirements and the professional 
qualifications, A special form known £.s the 
RECORD OF PRACTICAL FACTORS, NAVTRA 
1414/1, is used to keep a record of your practical 
factor qualifications. This form Is available for 
each rating. The form Usts all practical factors, 
both military and professional. As you demon- 
strate your ability to perform each practical 
factor, appropriate entries are made In the 
DATE and INITIALS columns. 

Changes are made periodically to the Manual 
of Qualifications for Advancement, and revised 
forms of NAVTRA 1414/1 are provided when 
necessary. Extra space Is allowed on the Record 
of Practical Factors for entering additional 
practical factors as they are published in changes 
to the Quals Manual. The Record of Practical 
Factors also provides space for recording 
demonstrated proficiency in skills which are 
within the general scope of the rating but which 
are not identified as minimum qualifications 
for advancement. 



ERIC 



PATTERNMAKER 3 & 2 



If you are transferred before you qualify in 
all practical factors, the NAVTRA 1414/1 form 
should be forwarded with your service record 
to your next duty station. You can save yourself 
a lot of trouble by making sure that this form is 
actually inserted In your service record before 
you are transferred. If the form is not in your 
service record, you may be required to start 
all over again and requalify in the practical 
factors which have already been checked off. 

NAVTRA 10052 

Bibliography for Advancement Study, NAVTRA 
10u52 (revised), is a very important publication 
for anyone preparing for advanceme:it. This 
bibliography lists required and recommended rate 
training manuals and other reference material to 
be used by personnel working for a higher rate 
level. NAVTRA 10052 is revised and issued 
once each year by the Naval Training Command. 
Each revised edition is identified by a letter 
following the NAVTRA number. When using this 
publication, be SURE that you have the most 
recent edition. 

If extensive changes in qualifications occur 
in any rating between the annual revisions of 
NAVTRA 10052, a supplementary list of study 
material may be issued in the form of a NAVTRA 
Notice. When you are preparing for a higher 
level, check to see whether changes have been 
made in the qualifications for your rating. If 
changes have been made, see if a NAVTRA 
Notice has been issued to supplement NAVTRA 
10052 for your rating. 

The required and recommended references 
are listed by rate level in NAVTRA 10052. If 
you are working for the level of third class, 
study the material that is listed for third class. 
If you are working for the level of second 
class, study the material that is listed for second 
class: but remember that you are also responsi> 
ble for the references listed at the third class 
level. 

In using NAVTRA 10052, you will notice that 
some rate training manuals are marked with an 
asterisk (*). Any manual marked in this way is 
MANDATORY— that is, it must be completed at 
the indicated rate level before you can be eligible 
to take the servicewlde examination for advance- 
ment. Each mandatory manual may be completed 
by (1) passing the appropriate enlisted cor- 
respondence course that is based on the mandatory 
training manual; (2) passing locally prepared 



tests based on the information given la the 
training manial; or (3) in some cases, success- 
fully completing the appropriate Class A school. 

(NOTE: The Navy's only Patternmaker school 
Is a Class A school situated in San Diego, 
California. This school condenses the equivalent 
of a 10,600-hour civilian patternmaker apprentice 
program into a 20-week course. You should 
contact your information and education office 
or your career counselor for information about 
attending this school if it is your desire to do 
so.) 

Do not overlook the section of NAVTRA 
10052 which lists the required and recommended 
references relating to the military requirements 
for advancement. Personnel of ALL ratings 
must complete the mandatory military require- 
ments training manual for the appropriate rate 
level before they can be eligible to advance. 

The references in NAVTOA 10052 which are 
recommended but not mandatory should also be 
studied carefully. ALL references listed in NAV- 
TRA 10052 may be used as source material 
for the written examinations, at the appropriate 
rate levels. 



Rate Training Manuals 

There are two general types of Rate Training 
Manuals. TRAINING MANUALS (such as this one) 
are prepared for most enlisted ratings. A rate 
training manual gives information that is directly 
related to the professional qualifications of ONE 
rating. SUBJECT MATTER MANUALS or BASIC 
MANUALS give information that applies to more 
than one rating. 

Rate Training Manuals are revised from time 
to time to keep them up-to-date technically. 
The revision of a Rate Training Manual is 
identified by a letter following the NAVTRA 
number. You can tell whether any rarticular 
copy of a Rate Training Manual is we latest 
edition by checking the NAVTRA number and 
the letter following this number in the most 
recent edition of List of Training Manuals and 
Correspondence Courses, NAVTRA 10061. (NAV- 
TRA 10061 is actually a catalog that lists all 
current training manuals and correspondence 
courses and is revised annually. You will find 
this catalog useful in planning your study 
program.) 

The following suggestions may help you to 
make the best use of this manual and other 
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Navy training publications when you are preparing 
for a higher rate level. 

1. Study the military requirements and the 
professional qualifications for your rating before 
you study the training manual, and refer to the 
quals frequently as you study. 

2. Set up a regular study plan. It will 
probably be easier for you to stick to a schedule 
if you can plan to study at the same time each 
day. If possible, schedule your studying tor a 
time of day when you will not have too many 
interruptions or distractions. 

3. Before you begin to study any part of the 
training manual intensively, become familiar 
with the entire book. Head the preface and the 
table of contents. Check through the index. 
Thumb through the book without any particular 
plan, looking at the illustrations and reading 
bits * here and there as you see things that 
interest you. 

4. Look at the training manual m more 
detail, to see how it is organized. Look at the 
table of contents again. Then, chapter by chapter, 
read the introduction, the headings, and the 
subheadings. This will give you a pretty clear 
picture of the scope and content of the book. 
As you look through the book in this way, ask 
yourself some questions: What do I need to learn 
about this? What do I already know about this? 
How is this information related to information 
given in other chapters? How is this information 
related to the qualifications for advancements 

5. When you have a general idea of what is 
in the training manual and how it is organized, 
fill in the details by intensive study. In each 
study period, try to cover a complete unit — it 
may be a chapter, a section of a chapter, or 
a subsection. The amount of material that you 
can cover at one time will vary. If you know the 
subject well, or if the material is easy, you 
can cover quite a lot at one time. Difficult or 
unfamiliar material will require more study 

'^"^^6 In studying anyone unit— chapter, section, 
or subsection -write down the questions that 
occur to you. Many people find it helpful to 
make a written outline of the unit as they study, 
or at least to write down the most important 

ideas^. study, relate the information in 

the training manual *n the knowledge you already 
have. When you read about a process, a skill, 
or a situation, try to see how this information 
ties in with your own past experience. 



8. When you have finished studying a unit, 
take time out to see what you have learned. Look 
back over your notes and questions. Maybe 
some of your questions have been answered, but 
perhaps you still have some that are not 
answered. Without looking at the training manual, 
write down the main ideas that you have gotten 
from studvmg this unit. Don't just quote the 
book. If you can't give these ideas in your own 
words, the chances are that you have not really 
mastered the information. 

9. Use Enlisted Correspondence Courses 
whenever you can. The correspondence courses 
are based on Rate Training Manuals or on 
other appropriate texts. As mentioned before, 
completion of a mandatory Rate Training Manual 
can be accomplished by passing an Enlisted 
Correspondence Course based on the Rate 
Training Manual. You will probably find it helpful 
to take other correspondence courses, as well 
as those based on mandatory training manuals. 
Taking a correspondence course helps you to 
master the information given in the training 
manual, and also helps you see how mucl. you 
have learned. . _ . 

10. Think of your future as you study Rate 
Training Manuals. You are working for advance- 
ment to third class or second class right now. 
but someday you will be working toward higher 
rates. An/hing extra that you can learn now 
will help you both now and later. 

SOURCES OF INFORMATION 

One of the most useful things you can learn 
about a subject is how to find out more about it. 
No single publication can give you all the infor- 
mation you need to perform the duties of your 
rating. You should learn where to look for 
accurate, author itaiive, up-to-date information 
on all subjects related to the military require- 
ments for advancement and the professional 
qualifications of your rating. 

Some of the publications described here are 
subject to change or revision from time to time — 
some at regular intervals, others as the need 
arises. When using any pubUcation that is subject 
to change or revision, be sure that you have 
the latest edition. When using any pubUcation 
that is kept current by means of changes, be 
sure you have a copy in which all official changes 
have been made. Studying canceled or obsolete 
information will not help you to do your work or 
to advance; it is likely to be a waste of time, 
and may even be seriously misleading. 
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NAVAL mAINING 
(NAVTHA) PriU.ICATlONS 

Kffootive 13 January 1972, the Naval Training 
.Support Command and its field activi ies came 
directly under the command of the Chief of 
Naval Trriining. Training materials published 
by the Naval Training Command after the al>ove 
date are designated as NAVTHA in lieu of 
NA\ PKHS; the nunilx^r remains as originally 
assigned for most publications. The designators 
of publications printed prior to the above date 
will Im? changed as each publication is revised. 

Some of the publications that you will need to 
study <^r refer to as you prepare for a higher 
rate level have already l)een discussed earlier 
in this chapter. Some additional publications 
that you nny find useful are listed here. 

Tools and Their Tses, NAV'PEHS 10085-B 
Blueprint Heading and Sketching, NAVPEHS 

1007T-C 
Fireman, NA\ PEHS 10520-D 
Mathematics, Vol. 1, NAVPKHS 10069-C 
Molder, NA\ PEHS 10584-C 

In addition, you miy find it useful to consult 
the Kate Training Manuals prepared for other 
Group VII (Engineering and Hull) ratings. 
Keferences to these training manuals will add 
to your knowledge of the duties of other men 
in the engineering and repair departments aboard 
ship. 

NAVSmi>S PCBLICATIONS 

A numlx^r of publications issued by NAVSHII^ 
will l>e of interest to you. While you do not need 
to know everything that is given in the publications 
mentioned here, you should have a general idea 
of whc/e to find information in NAVSHIPS 
publications. 

The Naval Ships Technical Manual is the 
basic doctrine publication of NAVSHIPS. Chapters 
of particular importance to you include the 
following: 

Chapter 9005. . . Tables of Technical Data 
Chapter 9910. . . Workshop Squipment on Ships 

The Foundry Manual, NAVSHIPS 250-0334 is 
the basic manual for foundry practice in the 
Navy* It is intended primarily for use by foundry 
personnel aboard repair ships and tenders. 

The Naval Ship Systems Command Technical 
News is a monthly publication which contains 



interesting and useful articles. This magazine 
is particularly useful Ijecause it presents in- 
formation which supplements and clarifies 
information given in the NAXSHIPS Technical 
Manual and lx?cause it presents information on 
new developments. 

MANUFACTUHEKS* 
TECHNICAL MANUALS 

The manufacturers* technical manuals that 
are furnished with most machinery units and 
many items of equipment are valuable souixes 
of information on operation, maintenance, and 
repair. The manufacturers* technical manuals 
that deal with NAVSHIPS machinery and equip- 
ment are given NAVSHIPS numbers. You should 
also become familiar with patternmaker's hand- 
lK)oks, machinery handbooks, and machinist's 
handbooks, so that you will know how to locate 
information in these publications. 

TliAINING FILMS 

Training films available to naval personnel 
are a valuable source of supplementary infor- 
mation on many technical subjects. Training 
films are listed in the United States Navy Film 
Catalog, NAVAIR 10-1-777. Copies may be 
ordered in accordance with the Navy Stock 
List of Forms and PubHcations, NAVSUP 2002. 
Supplements to the Film Catalog are issued as 
appropriate. 

When selecting a film, note its date of issue 
listed in the Film Catalog. As you know, 
procedures sometimes change rapidly. Thus some 
films Jjecome obsolete rapidly. If a film Is 
obsolete only in part, it may sometimes be 
shown effectively if before or during Its showing 
you carefully point out to trainees the procedures 
that have changed. 



GLOSSARY OF TERMS 

The following definitions are of terms used 
in Chapter 2. 

AIR HOLE— Hole in a casting caused by air 
or gas trapped in the metal during solidification. 

ALLOY — Any composite metal produced by the 
mixing of two or more metals. 

ALUMINUM— A light, white metal obtained from 
clays. 
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ATMOSPHEIUC PUESSI UE-The pressure of 
air at sea level, approxiniately 14.7 pounds i)er 
square inch. 

liASIN-A cavitv on top of the coik? into which 
metal is poured ix^forc it enters the sprue. 

BENCH MOLDING - The process of making 
small molds on a Ijench. 

BINDKUS — Materials used to hold molding sand 
togetht-r. 

BLIND UISKH-An internal riser which does 
not reach to the exterior of the mold. 

BLOW HOLE -A holf in a casting caused by 
trapi)ed air or gascs. 

H(,SS-A prt).iection on a casting of circular 
cross section 

BOTTOM liOAHD-A rough Iward similar to 
a molding l)oard upon which the finished mold 
rests. 

BOTTOM POIK M«JLD-Mold With the gate 
St) positioned as to allow the molten metal to 
enter the mold cavity at the lowest possible 
point. 

BllASS-An alloy composed chieny of copper 
and zinc. 

BRONZE -An alloy composed chiefly of copper 
and tin. 

CAST IRON— The most common of metals, 
mined as iron ore. 

•CAST STKKL-Cast iron that has been hardened 
and toughened by one of the various steelmaklng 
processes. 

CENTF.RLINE-Well defined knife or gage line 
placed upon the work to serve as a basis from 
which dimensions are to be measured. 

CENTRIFUGAL CASTING — Process of filling 
molds by pouring the metal into a sand or 
metal mold revolving about either its horizonta 
axis or vertical axis, or pouring the metal 
into a mold that is revolved before solidification 
of the metal is complete. The molten metal is 
moved from the center of the mold to the 
periphery by centrifugal force. 



CHAPLET — Metal supiwrts used to hold a core 
in place with the size of the core seat is in- 
adequate. 

CONTRACTION - The amount that the metal will 
have decreased in size from the tin^e it is ixjured 
to the time the temix«rature has fallen to the 
normal temi)cratui-e of the m.;tal. 

CONTRACTION, LiylTD — Shrinkage or contrac- 
tion in molten nwjtal as it cools from one 
teniperature to another while in the liquid state. 

CONTRACTION, SOLID — Shrinkage or contrac- 
tion as a m?tal cools from the solidifying 
temperature to room temi)erature. 

COPE - The top section of a flask. 

CORE - That part of a ni.>ld or Ijody of sand 
which forms a hole, a recess, or the interior 
of a casting. Particularly applied to those bodies 
of sand formed within a core »)ox and subsequently 
baked. 

CORE BOX -Specially constructed form into 
which sand is ranimed to give the required 
shape to a core. 

CORE CAVITY -The interior form of a core 
box that gives shajje to the core. 
CORE PLATE— Metal plate used to support 
cores while they are being baked. 

CORE PRINT -That part of a pattern which 
has teen so designed as to form a seat to 
locate and support a core within a mold. 

CORE SAND — Sand free from clay; it is nearly 
pure silica (any sharp sea sand). 

CRACKER CORE— A vent core used to break 
the skin in the riser and allow the atmospheric 
pressure to push the metal into the mold cavity. 
Also called a "fire-cracker." 

CROSS SECTION— A view of the Interior of an 
object that is represented as being cut in two, 
the cut surface presenting the cross section of 
the object. 

DRAFT -The angle of slant tending away from 
the line of parting given to those surfaces of 
a pattern which would lie in the direction in which 
the pattern or its component parts are drawn 
from the sand. 
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DRAG — The bottom section of a flask. 
DRAWING— Removing a pattern from the sand. 

DltV SAND MOLD -A mold which has been 
baked in an oven to fix its shape permanently 
and to give it a hard surface. 

FEED HEAD -A reservoir of molten metal 
from which the casting feeds as it solidifies. 
Also called a riser. 

FEEDING -Supplying additional molten metal to 
a casting to compensate for volume shrinkage 
during solidification. 

FERKOL'S - Relating to or containing iron. 

ULLKT — Concave corner piece used at the 
Intersection of surfaces. A struck fillet is one 
lhat is dressed to shape in place. A planted 
fillet is one that is made separately and affixed 
In place. 

FLMSH ALLOWANCE— An amount of stock left 
upon the surface of a casting for the operation 
of machine finish. 



GRIND— Truing up the surface 
with an abrasive wheel or belt. 



of a casting 



HORN GATE— A circular-shaped gate or sprue 
form having a rectangular or round cross section, 
used when the molten metal is to enter the mold 
cavity well below the parting line. 

LOAM MOLD— A mold built up of brick, covered 
with a loam mud and then baked before being 
poured. 

MACHINE FINISH - Operation of turning or 
cutting an amount of stock from the surface 
of metal in order to produce a finished surface. 
Allowances for machine finish have to be made 
on the pattern. 

MALLEABLE CAST IRON -Cast iron made 
ductile through an annealing process. 

METAL PATTERN -Patterns made from alumi- 
num, brass, bronze, white metal, and cast iron 
used as patterns in high production work. 



FLOOR MOLDING -The process of making large 
molds on the foundry floor. 

FOUNDING OR FOUNDRY PRACTICE - The art 
or craft in which molten metal is given shape 
by being poured into molds. 

FOUNDATION MEMBERS - Permanent or tem- 
porary memliers over which a pattern is built. 

FREEZING — The solidification of molten metal 
in the mold. 

GATE— Channel that conducts the metal from 
the sprue to the mold cavity. Specifically, the 
point where molten metal enters the casting 
cavity. Sometimes employed as a general term 
to indicate the entire assembly of connected 
columns and channels carrying the metal from 
the top of the mold to that part forming the 
casting cavity proper. Term also applies to the 
pattern parts which form the passages, or the 
metal that fills them. 

GREEN SAND— Sand containing sufficient re- 
fractory clay sub&iance to bond strongly without 
destroying the venting quality when rammed to 
the required degree of hardness. 



MODEL— A facsimile of an object, either 
miniature or full size. 

MOLD — As applied to founding is a body of 
sand containing the impression of a pattern. 

MOLD CAVITY -Impression left in the sand 
by a pattern. 

MOLD WEIGHTS -Weights placed on the cope 
of the mold to help overcome the lifting pressure. 

NATURAL BONDED SAND — Sand containing a 
sufficient amount of clay bond, either present 
in its natural state or added before shipment, 
to make the sand suitable for immediate use. 

NONFERROUS- Pertaining to metals not having 
iron as the base metal. 

NOWEL — The lower section of the flask, more 
commonly called the drag. 

OPEN RISER -A riser that is not covered. It 
is open to the atmosphere. 

PAD — Shallow projection on a casting distin- 
guished from a boss or lug by shape and size. 
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PADDING— Is used to Induce progressive solidi- 
fication in members or sections of uniform 
thickness and to prevent the defect known as 
mldwall, or centerline shrinkage. 

PARTED PATTERN— Pattern made in two or 
more parts. See spilt pattern. 

POURING BASIC CORE— A cavity on top of 
the cope into which metal is poured. 

PARTING — Joint or plane of separation in a 
mold of two or more sections. 

PARTING LINE -That line about a pattern where 
the pattern or Its mold separates. 

PATTERN — Form modeled in -iny material from 
which a mold may be made; It Is the basis of 
foundry practice. 

PATTERNMAKING —Deals with the modeling in 
wood, metal, or other materials, of objects 
that are to be cast In mstal. 

PERMANENT MOLD -A long-life mold into 
which metal Is poured by gravity. 

PERMEABILITY — Refers to the venting qualities 
or to the rate at which gases can pass through 
the sand. 

PIT MOLDING -The process of making very 
large molds in pits in the foundry floor. 

PLASTER PATTERN— A pattern made from 
plaster of paris. 

POURING — Filling the mold with molten metal. 

RAMMING — Packing sand around the pattern 
in making a mold. 

REFRACTOR — Material having heat-resisting 
qualities. 

RIB — A stiffening member. 

RISER —An opening made from the mold cavity 
to the top of the mold In which the metal will 
rise during the pouring operation and which 
may later act as a feeder for the prevention 
of porosity In the casting due to shrinkage. 



RUNNER — Channel through which the molten 
m«nal is conducted to the gate or gates from the 
sprue or down gate. 

SHELL MOLDING — A sand molding process in 
which a mixture of sand and thermosetting 
plastic is applied to a heated metal pattern. 

SHRINK HOLE — A hole or cavity In a casting 
resulting from contraction and Insufficient feed 
metal, and formed during the time the metal 
changes from the liquid to the solid state. 

SHRINKAGE— Arrangement of the molecules of 
metal as It passes from a liquid to a solid 
state. (See contraction.) 

SKIN-DRYING — Drying or baking only the surface 
of the mold. 

SLUSH MOLDING — A process in which the metal 
Is allowed to cool long enough to form a shell, 
and then the mold Is Inverted and the remaining 
molten metal Is poured out, leaving a hollow 
center. 

SPRUE— An opening that conducts the metal 
from the top of the mold to the gate or gates. 
The term SPRUE Is also applied to the metal 
which fills the pouring channels and Is found 
attached to the casting. 

STRESS RELIEVING — Heat treatment to remove 
stresses or casting strains. 

SYNTHETIC SAND— Sand which Is mixed In 
correct proportions of unbonded sand and a 
suitable binder such as clay, and then tempered. 

TEMPERING SAND — Dampening and mixing 
sand to produce a uniform distribution of 
moisture. 

VENT— An opening la a mold or core to permit 
escape of steam and gases. 

VENTING — Perforating the sand over and around 
a mold cavity with a venting needle to assist 
in the escape of the gases. 

WHIRL GATE— A gate or sprue arranged to 
introduce metal into a mold tangentlally, thereby 
giving the metal a swirling motion. 
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PATTERNMAKING AND FOUNDING 



As a patternmaker, you will probably be 
assigned to a repair ship or tender and will 
work closely with the foundry and other shops 
within the repair department. Therefore, this 
chapter includes information on the types and 
functions of repair ships and tenders, and the 
repair department organization and the functions 
of its officers, personnel, and shops; greater 
detail is provided about your job and some of 
the skills you must have. 



REPAIR SHIPS AND TENDERS 

In effect, repair ships and tenders are float- 
ing bases, capable of performing a variety of 
maintenance and repair services that are beyond 
the capabilities of the ships they serve. They 
are rather like small-scale Navy yards, with 
the same pi*imary mission: to provide repair 
facilities and services to the forces afloat. 

The most common type of repair ship, desig- 
nated AR, provides general and specific repairs 
to all types of ships. Special types of repair 
ships have been developed for special uses; 
for example, the ARG is designed for the repair 
of internal combustion engines. 

Each tjrpe of tender provides services for 
one type of ship, as indicated by the designation 
of the tender. The two best known types of 
tenders are the destroyer tender (AD) and the 
submarine tender (AS). Both conventional sub- 
marines and fleet ballistic missile submarines 
are tended by AS's; however, the organization 
of the repair department of an AS that tends 
fleet ballistic missile submarines differs some- 
what from that of an AS that tends conventional 
submarines. 

Since repairs and services to other ships 
are the primary functions of all repair ships 
and tenders, it is obvious that the repair de- 
partment on a repair ship or tender makes a 



direct and vital contribution to fleet support. 
The operating forces of the fleet depend upon 
the services provided by all personnel of the 
repair department. 



REPAIR DEPARTMEWT 

The type of repair ship to \(^ich you will 
probably be assigned will be one of the following: 
destroyer tender (AD), repair ship (AR), internal 
coml)ustion engine repair ship (ARG), or sub- 
marine tender (AS). When you are assigned to 
shore duty at your trade, you will almost 
certainly be assigned to a billet in the Repair 
Department, of the shore installation. Since the 
shore-based installation has the same essential 
mission as the repair ship, the organization will 
be similar. 

When you report aboard ship, you will need 
to learn the lines of authority and responsibility 
In the repair department. You will need to find 
out where your orders and assignments originate, 
exactly what Is expected of you, and where to go 
for Information, assistance, and advice. You 
can start acquiring this knowledge by studying 
the following material on repair department 
organization and personnel. 

Repair department organization varies some- 
what from one ship to another, as may be seen 
by comparison of figures 2-1 and 2-2. Figure 
2-1 shows the organization of the repair de- 
partment on a typical repair ship (AR); figure 
2-2 shows the organization of the repair depart- 
ment on a fleet ballistic missile (FBM) submarine 
tender (AS). 

In comparing these two Illustrations, you 
will notice several differences. For one tiling, 
the repair department on the AR Includes an 
ordnance repair division (R-5) which Is not 
Included in the repair department of the AS. 
Instead, the AS has a separate weapons repair 
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Figure 2-1. -Organization of repair department on typical repair ship (AR). 
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department under a weapons repair officer. 
Another difference is in the location of the 
shops ycu will work in. On all types of repair 
ships, you will probably be assigned to the R-1 
or R-2 division. The pattern shop is normally 
within the R-1 division organization; however, 
depending largely on the ship's structure, the 
pattern shop could be within the R-2 division 
organization. Regardless of the division, your 
duties will be the same. 

The duties of personnel in the repair depart- 
ment vary somewhat according to the type of ship. 
However the following description of personnel 
functions will give you a general Idea of the way 
things are in most repair departments. 

REPAIR OFFICER 

On a repair ship or tender, the repair officer 
is head of tlie repair department. As head of 
the repair department, the repair officer is 
responsible under the commanding officer for 
the accomplishment of repairs and alterations 
assigned hy competent authority to be accom- 
plished on the ships tended or granted avail- 
abilities. The repair officer is also responsible 
for the accomplishment of repairs and altera- 
tions to the ship itself (ten-ter or repair ship) 
that are beyond the capacity of the engineering 



or other departments. It is the responsibility 
of the repair officer to maintain a well 
organized and efficiently operated depa-tment, 
or, in other words, ensure that his subordinates 
are performing as required. To do this, he issues 
and enforces repair department orders which 
govern department procedures. Like other de- 
partment heads, he 'is also responsible for 
enforcing orders of higher authority. He must 
know the current workload and capacity of his 
crew and facilities, and keep the staff maintenance 
representative Informed of the current status 
In order that the latter officer may properly 
schedule and assign ships. He Is responsible for 
the review of work requests received via the 
staff maintenance representative from the ships 
assigned for repair, and for acceptance or 
rejection of the Individual jobs according to the 
capacity of his department. He Is responsible 
for the review end acceptance of any work 
lists or work requests \»felch develop after an 
availability period has started. He Is also re- 
sponsible for operating his department within 
the allotment granted, and for the Initiation of 
requests for further funds. If required. He must 
ensure the accuracy, correctness, and prompt- 
ness of all coriespondence, including messages, 
prepared for the commanding officer's signature. 
The repair officer Is charged with the review 
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63.10(AS) 

Figure 2-2,— Organization of repair department on fleet ballistic missile submarine tender (AS), 



of all personnel matters arising within his 
divisions such as training, advancement* assign- 
ment to divisions, and leave. In order to acquire 
a thorough knowledge of conditions and ensure 
adequate standards, he must make frequent 
Inspections of his department and require his 
division officers to make corrections as 
necessary. 



Specific duties of the repair officer vary 
somewhat, depending upon the type of repair 
ship or tender. In general, however, a sumrnary 
of the repair offlcer^s duties Include the following: 

1, Planning, preparing, and exeoutli^ sched- 
ules covering alterations and repair woric as- 
signed to the repair department. 



ERIC 



16 



Chaptv? 2 - PATTERN-MAKING AND FOI NDING 



2. Establishing and operating the Planned 
Maintenance Subsystem of the 3-M System. 

3. Coordlnaling repair capabilities, work as- 
signments, and available personnel to ensure 
maximum utilization of manpower. 

4. Supervising and inspecting repairs and 
services to ensure timely and satisfactory com- 
pletion of work: providing controls for quality 
control. 

5. Preparing records, reports, forms, and 
orders in connection with repair functions and 
duties. 

6. Ensuring proper operation of all equipment 
and material assigned to the repair department. 

7. Ensuring strict compliance with safety 
precautions and security measures. 

8. Reporting progress of major repairs and 
alterations to the comnanding officer; keeping 
the executive officer Informed; reporting prompt- 
ly any inability to meet scheduled completion 
dates. 

ASSISTANT REPAIR 
OFFICER 

In the absence of the repair officer, the 
assistant repair officer is charged with the 
responsibilities of ihe repair officer. As the 
assistant repair officer, he is the personnel 
administrator for the repair department. Under 
his cognizance are the assignment of personnel, 
the adm'.nistritive control of the repair office, 
and the depa ment control of training. 

Specific duties of the assistant repair officer 
may vary somewhat, depending upon the type 
of repair ship or tender. In general, however, 
the duties of the assistant repair officer include 
the following: 

1. Assigns personnel to divisions, schools, 
shore patrol, and beach guard. 

2. Maintains a basic knowledge of applicable 
courses, schools, and rating programs necessary 
to further the men's education and their advance- 
ment for the benefit of the men, the ship, and 
the Navy. 

3. Maintains the office stores and accounts. 

4. Assists the repair officer in all matters 
pertaining to general office routine, current 
availabilities of ships assigned to the repair 
ship or tender, and liaison between the repair 
office and the ships alongside, and shipyards. 

6. Reviews all work requests on receipt. 
6. Assigns work and priority rating to the 
divisions and shops. 



7. Maintains liaison with the supply depart- 
ment for materials on order, or to be ordered 
for the work requested. 

8. Procures the necessary blueprints, 
sketches, or samples for the shops, 

9. Schedules the servLoes of tugs, cranes, 
and technical services, as available, for suc- 
cessful completion of an availability. 

10, Surveys the reports from the shops to 
ascertain the successful completion of all work 
during the allotted time. 

11. Analyzes man-hour shop i-eportstodeter- 
m ne an even balance of work versus personnel 
assigned. Regulates the coordination between 
the repair office and the shops towards the full 
productive capacity of the repair facilities. 

OTHER ASSISTANTS 

In addition to the assistant repair officer, 
there are usually several other officers wlio 
assist the repair officer in the performance of 
repaor department functions, Thef e may include 
a production engineering assistant, a repair 
assistant, a radiological control officer, a de- 
partment training officer, and an administrative 
assistant. 



DIVISION OFFICERS 

Each division within the repair department 
is under a division officer. The division officer 
may be a commissioned officer, a warrant 
officer, or a chief petty officer. The duties of 
the division officer vary, of course, according 
to the nature of the work done in the division. 

ENLISTED PERSONNEL 

As a Patternmaker assigned to the repair 
department of a repair ship or tender, you will 
work with men in a number of other ratings. It 
will be very much to your advantage to learn who 
these people are and what kind of work they do. 
Ratings that are often assigned to the repair 
department include (but are not limited to) the 
following: Opticalmen, Electronics Technicians, 
Radiomen, Fire Control Technicians, Gunner's 
Mates, Draftsmen, Lithographers, Hull Mainte- 
nance Technicians, Molders, Machinery Repair- 
men, Machinist's Mates, Boiler Technicians, 
Boiler Repairmen, Enginemen, Electricians 
Mates, and I. C, Electricians. Ratings with which 
you will work closely, especially on castings, 
are the Molder, the Machinery Repairman, and 
the Hull Maintenance Technician. 
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Vou ^ un get sonu* itita of tlie ^\ yvk done hv 
men ot these ratiiiRS by lo'>king through the 
Manual of Qualification for Advancement. NAV» 
PKHS I - UN (ri'Vifcfl). Vou can alf^o learn about 
t!u' UiM'k oi these ratings hy ohsviA ing how tlie 
u ork is h mdlfd in the repair department. In 
»:andlinR remir work, it is often necessary for 
two or mo:r shops (and two or more ratings) 
to cooperate in order to coiuplete corrective 
maintenance actions. 

HKPAIH I)KI>AHTMI-:NT 
SHOPS 

Kach sho; in the repair department is as- 
signed to one o! the divisions. As a Patternmaker, 
you will concerned primarily with the pattern 
sli ^p. Howfver. you will find it very useful to 
lear- as much as you can alx)ut the other shops. 
A'ter yivi Ira\e gotten acquainted with personnel 
in ycMir own shop and Iiave learned to find your 
Way around your own working spaces, make an 
effort to find out something alxjut the other 
shops in the division and department. Find out 
uht re each shop is located, what kind of work 
is done in each shop, and what administrative 
procedures are necessary when one shop must 
call on the services of another for assistance 
in completing corrective maintenance actions. 

On most repair ships and tenders, the pattern 
shop will l)e combined with the carpenter shop 
and will \)e responsible for all kinds of work 
involving the use of wood. However, the pattern 
shop^s primary mission is the production of 
patterns for the foundry. Thus, it is obvious 
that the shop layout and work schedules in a 
combined pattern and cai punter shop must be 
flexible to allow for the various sizes of jobs 
which may be scheduled. 

Shop layout and arrangement vary somewhat 
from one ship to another, depending upon the 
space available, the nature and amount of equip- 
ment provided, and the services that must be 
provided by the ship. 



PATTERXMAKIN'G 

Patternmaking and foundry practice (found- 
ing) are two of the various crafts or trades 
comprising the metal industry; patternmaking 
is one of the most important of these skills but 
is probably the least understood. Patternmaking 
and founding date back to the very iirst time man 
created implements for his own use by pouring 
liquid metal into a simple mold. 



Patternmaking is the process consisting of 
forming in wood, metal, plaster or plastics (to 
exact specifications) patterns of inventions, tools, 
machinery parts, and other items. The pattern 
is used as a tool in the foundry for making 
a mold of appropriate material for the sole 
puiT)ose of casting liquid metal into the required 
size and shape. Founding includes the making 
of a mold from an appropriate mold material, 
the selection and melting of the proper metal 
or alloy, and the pouring and cooling of tlie 
liquid metal in the mold cavity so that sound 
usai)le castings result. 

To meet the demands of patternmaking and 
founding, a Patternmaker must be able to use 
all of the conventional and certain special wood- 
working tools (bund as well as mechanijal), read 
blueprints, and visualize the shape and form of 
the pattern to be constiiicted. In addition, he 
must know w'oods and other pattern materials 
in order to select the material best suited* He 
must have a working knowledge of foundry work 
and machine shop practice. Moreover, the 
Patternmaker must be able to compute metal 
shrinkage for the construction of a pattern that 
is accurate to within 1/64 of an inch of the 
desired dimensions given by the engineering 
designer. Therefore, patternmaking and found- 
ling are closely related trades, particularly as 
founding applies to the practice of producing 
objects from metal by one of the casting 
processes. 

Because of the importance of foundry prac- 
tice, castings are usually classified using the 
terminology of the method of molding, the casting 
process, and the mold material. Whichever com- 
bination is used in the production of a casting, 
it is controlled by certain advantages and limita- 
tions of the variety of materials to be used in 
constructing the mold. 

Casting processes offer the engineering 
designer the greatest possible variety of design 
features and metallurgical properties. There- 
fore, among the different processes available for 
shaping metal, the casting process is the most 
flexible. Without a pattern of some description 
the foundries of today would find it very difficult 
if not impossible to operate. 

Before foundry practice waa developed into 
a highly technical skill, most decisions per- 
taining to pattern construction and the method 
to be used to produce the cast part were made 
by the Patternmaker. Pattern construr^tion rather 
than mold design was too often the primary 
consideration. Now though, it is fully realized 
that the pattern is merely a means to an end; 
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the mold's design, wltli which a metallurgically 
sound casting may l)e produced, is considered 
before the pattern is made. Experience has 
shown that sound castings are consistently 
produced in the most economical manner when 
supen'isorj- personnel, representing the shops 
concerned with the several phases of a casting's 
production, cooperate in planning the production 
method. Pooling the skills of such a planning 
team is necessary to create a sound pattern 
design that will produce a serviceable cn5?ting 
free from sand, shrinkage, porosity, hot tt rs, 
cracks, blow holes, cold shuts, drops, rat tails, 
pin holes, and other imperfections. 

To define a pattern accurately in all its 
aspects is difficult, but in simple terms a pattern 
is a model or guide with which a mold is made. 
From the Molder's viewpoint the model (pattern) 
is an Imitation of a part that Is to be made from 
metal. The pattern is constructed with certain 
modifications in order that the Molder may 
accurately duplicate it in molding sand. Core 
prints are attached to the pattern for support 
of the dry sand cores that will form the Interior 
part of the casting. Additional metal thickness 
(finish) is added to provide for final machining 
of the casting. The pattern is also made slightly 
oversize to compensate for the natural shrinkage 
or contraction of the metal as it cools to room 
temperature. 

The mold is actually a negative print of 
the pattern in molding sand. The pattern must 
be removed from the sand, leaving an undamaged 
cavity that can be filled with* molten metal. To 
remove (draw) the pattern from the mold, a 
parting line (parting) and draft must be provided 
on the pattern. Prior to the construction of the 
pattern, these things must be determined and 
they are as much the responsibility of the Molder 
as they are of the Patternmaker. In effect, the 
plan for the molding procedure is set up before 
the pattern is even started. 

Where does this plai for the molding pro- 
cedure come from? Actually, there are two 
common sources, either an old casting or a 
blueprint. If the source Is an old casting, the 
planning will be simplified. The metal of the 
old casting must be Identified, the parting line 
and the amount of draft must be determined, 
and the sections (interior or exterior) that are 
to contain a core are established. A close 
visual inspection of the old casting will provide 
the answer to most of these questions. The 
parting line can usually be determined by a thin 
line of metal (fin) protruding a short distance 



from the side of the casting. The draft extends 
from the parting line on a slight angle to the 
surface that is away from the parting line. When 
the source of a plan is a blueprint, it becomes 
necessary for the Molder to read and Interpret 
the blueprint if he is to assist the^Patternmaker 
in planning the construction of tlie pattern and 
the mold. (Additional information on blueprints 
and blueprint reading may be found in chapter 
9 of this training manual and in Blueprint Readlt^ 
and Sketching, NAVPERS 10077-C.) 



FOUNDRY WORK 

Founding or foundry practice, involves four 
basic procedures: molding, coremaklng, melting 
and pouring molten metals, and cleaning and 
finishing. Each of these basic procedures may 
be considered a trade within Itself, and each 
requires special skills and knowledge that are 
peculiar only to the foundry. Briefly, the four 
basic procedures in the production of a casting 
are described in the following paragraphs. 

The MOLD may be considered the heart of 
the foundry because it represents the center of 
all activities and other phases of foundry prac- 
tices are grouped around it. The purpose of 
a mold is to form a cavity with accurate dimen- 
sions that will hold and support molten metal 
until it becones solid. A mold is constructed 
of tempered sand bonded with clay or binders 
that is rammed in a flask and around a pattern 
that has the required shape and size for the 
d-^slred casting. Provisions are made for the 
opening of the mold and the withdrawal of the 
pattern. An opening is provided for introducing 
the molten metal into the mold cavity left when 
the pattern is removed. 

COREMAKING is closely related to the mold 
because the core actually becomes a part of the 
mold prior to pouring of the molten metal. The 
purpose of a core is to form a cavity within the 
castii^ or to aid the Molder when the surface 
of the mold cavity is irregular or difficult to 
form molding sand. The core has a difficult 
job to perform and therefore core sand mi;vtures 
require a special treatment. The sand from 
which the core' is made is prepared from mate- 
rials that provide the core with the ability to 
occupy these cavities in the mold without col- 
lapsii^. The prepared sand mixture is rammed 
into CORE BOXES that will give the core the 
desired shape. The core box is removed from 
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the core and the core is placed on a flat metal 
plate and baked in an oven to fully develop the 
properties that are characteristic of the materials 
that are used in the core sand mixture. After 
finishing and assembly, the core is placed in 
the mold cavity where it serves to form part 
of the interior or exterior of the casting, 

MELTING and POmiNG of metals is a 
science that requires the utmost accuracy and 
skill if sound I'sable castings are to be pro- 
duced that will meet the rigid specifications 
set forth by NAVSHIPS, Melting is done in units 
called FURNACES, either oil-fired or electric. 
Heats are prepared from basic metals and 
placed in the furnace. The furnace operator 
melts the metal and brings the temperature 
up to the required pouring temperature. When 
the metal or alloy is ready for pouring, tlie 
metal is tapped from the furnace into ladles, 
transported to the mold, and poured into the 
mold cavity through the opening in the mold 
provided by the Molder, As the metal becomes 
solid, the casting will assume the shape of the 
original part or pattern from which the mold 
was made* 

After cooling to room temperature, the mold 
is opened and the sand is removed from around 
the casting. The casting is now ready for the 
final phas^ of producing a casting, CLEANING 
and FINISHING, When a casting is taken from 
the mold there is a certain amount of sand that 
Will adhere to the surface of tlie casting. High 
temperature metals will fuse or penetrate the 
sand to depths of varying degrees. Therefore 
the sand must be removed by sand blasting, wire 
brushing, or chipping prior to the machining 
of the casting. All cores must be knocked out 
of the casting, all projections not part of the 
xinished casting are to be removed, and all 
as-cast surfaces must be smooth. Any defect(s) 
in the casting must be found, and repaired if 
possible; when repairing is not possible, the 
casting is rejected and another made. 

In the Navy, these founding practices a^e 
accomplished in foundries which are classified 
according to the type and volume of work 
accomplished. 

The equipment required for a specific class 
foundry, however, is determined by its intended 
services. For example, a foundry that is capable 
of casting steel, cast iron, brass, and bronze 
up to 800 pounds maximum weight, would have 
two electric furnaces (capacity 500 pounds each), 
one oil fired furnace, one sand muller {3 cubic 
foot), one or two core ovens, one sand blast 



cabinet, one metal cutting bandsaw, and one 
floor grinder. 

Unlike the above class foundry, another in- 
tender! service class foundry may be established 
at approximately 300 pounds for brass and 
bronze. In this instance, some of the equipment 
necessary for the 800 pound foundry would not 
be required in a 300 pound foundry. Therefore, 
/arious foundries will have limited equipment 
lormally based on the intended service. 

Classes A, B, C, D, and E represent foundries 
resigned for five types of services in accordance 
with the type of metal used or quantity of metal 
poured. However, due to variations within a 
class, the type of equipment allowance for each 
specific ship will be determined by its intended 
service, as indicated in the ship*s specifications. 

Class A foundries are capable of casting steel, 
cast iron, brass, and bronze, up to 800 pounds 
maximum weight; and casting aluminum, babbitt, 
and zinc up to 200 pounds maximum weight. 

Class B foundries are capable of casting 
steel on a limited basis up to 500 pounds; cast 
iron, brass, and bronze up to 700 pounds; and 
aluminum, babbitt, and zinc up to 200 pounds. 

Class C foundries are capable of casting 
steel on a limited basis up to 300 poimds, and 
cast iron up to 400 pounds on a limited basis. 
Brass and bronze up to 600 pounds, and aluminum, 
babbitt, and zinc up to 200 pounds, can be cast 
in Class C foundries, in foundries of this class, 
an oil-fired furnace is used when electric power 
is limited. 

Class D foundries are capable of producing 
castings principally df brass and bronze up to 
600 pounds, and only a limited amount of cast 
iron where additional air is available for higher 
heat input. 

Castings of brass and bronze up to 300 pounds, 
and low temperature allows up to 100 pounds, 
can be produced in Class E foundries, Altnou^ 
cast iron may be melted in Class E foundries, 
it is costly to do so, A knowledge of the capacity 
and heat output of the furnaces aboard your ship 
or station will enable you to determine the 
maximum weight casting of a certain alloy that 
can be produced with this equipment. In addition, 
the molding method employed, and many other 
factors will determiiie the soundness of the 
casting uliich can be produced* 



FOUNDRY PROCESSES 

The selection of the proper casting process 
best suited for a design depends on both the 
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technical and economical aspects; that is, such 
features as size and shape, section thickness, 
dimensional tolerances, finishing requirements 
and the number of castings to be produced. 

Because each casting process has its own 
limitations and possesses certain design re- 
quirements, a general acquaintance with the 
various casting processes commonly used In the 
Navy is necessary. The various casting proc- 
esses and their effect upon certain pattern 
construction features ► re described In the 
following paragraphs. 

SAND CASTING PROCESS 

Of all the casting processes used In the 
production of castings , the most common Is the 
sand casting method. In the sand casting method, 
sand Is used which contains sufficient refractory 
cl'-.y substance to bond strongly without destroy- 
ing the venting quality when It is rar»med to the 
required degree of hardness for l ie size and 
shape of the casting. 

Based upon the sand condltlonlrg treatment 
prior to use and before the castlnji Is poured, 
molds may be green sand, dry said, or skln- 
drled. 

Green Sand Molding 

Green sand molds may be of nf.tural bonded 
sand or synthetic (all purpose) sard and can be 
poured as soon as they are rammed 

Molds made from natural bonded sand contain 
a sufficient amount of clay bond— either present 
when the sand was taken from Its deposit site, 
or added before shipment— to mi\ke the sand 
suitable for Immediate use. Adding moisture and 
tempering is the only treatment necessary before 
use. Molds made from synthetic suid are made 
by mixing correct proportions of an unbonded 
sand and a suitable binder such as clay, and 
tempering the mixture before use. 

Detailed Information on molding sands used 
for ferrous and nonferrous metals and alloys 
may be found In the Navy Training Manuals 
prepared for the Molder rating. 

Dry Sand Molding 

A dry sand mold Is slowly baked In an oven 
before It Is used. Dry sand molds are generally 
used for heavy castings. Dry sand molding has 
certain disadvantages. The rigidity of the mold 
resists metal contraction during the solidifica- 
tion of the casting; this resistance is sometimes 



great enough to cause the casting to crack. On 
the average, however, dry sand molds provide 
the best type of molding process for producing 
heavy castings which will be dependable under 
normal operating service conditions. 

The hard mold surface of a dry sand mold 
enables it to (1) withstand the eroding action 
and the force of the flowing metal, and (2) support 
the weight of large volumes of metal. The baking 
of the mold eliminates moisture, lessening the 
possibility of the formation of mold gases and 
rapid chilling of the metal. 

Skin-Dried Molding 

A skln-drled mold Is one that has been 
surface heated with a torch; It is used when the 
requirements call for a mold having the surface 
characteristics of a dry sand mold, combined 
with the coUapslblllty of a green sand mold. 
Skin-dried molds may also be used when m 
over, is not available for baking a dry sand mold. 
When using a skln-drled mold, the melt (liquid 
metal) must be ready to pour as soon as the 
mold is completed. The effect of skln-drylng 
win be lost if the mold is allowed to stand, since 
moisture from the backing sand will penetrate 
back to the mold cavity surface. 

Bench, Floor, and Pit Molding 

Molds may be classified according to size: 
bench molds, floor molds, or pit molds. Bench 
molds are those small and light enough to be 
handled by one man; most of the molds required 
in Navy work will be of this type. A mold that 
is too large for one man to handle Is usually 
constructed on the foundry floor. Pit molds are 
used when the size of the casting requires a 
mold constructed in a large pit in the foundry 
floor. A Navy Molder will rarely, if ever, have 
to construct a pit mold. 

Shell Molding 

Shell molding Is a sand molding process 
consisting of the direct application of heated 
metal patterns and thermosetting plastics. This 
proa ss takes advantage of the thermosetting 
properties of the phenolic resins to bind the fine 
slllf a grains of sand in the construction of a 
mold. The shell molding technique is used for 
making castings in a mold that is merely a 
shell of sand varying In thickness from 1/8 
to 3/16 Inch, depending upon ^he weight add 
size of the casting. 
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Some of the udvantz^es of shell molding 
are: 

!• Reitev casting quality, 
2^f\0BeY tolerances, 

0m. Minimized burn-in, resulting in cleaner 
castings, 

4, Better as-cast surface finish, 

5, Sounder castings, 

6, Minimized locked-*in stresses, 

7, Mnr^ castings per ton of metal poured. 

8, Greater machinability, 

9, Greater pickup of detail, 

10, Thinner sections may be poured, 

11. Need for chaplets is reduced, 

12, Lightness of molds results in lower mold 
cost, 

13. Less sand handling, resulting in cleaner 
working conditions, 

SPECIAI. MOLDING 
PROCESSES 

The previously mentioned molding methods 
are the methods and processes most commonly 
used in the Navy, However, several other methods 
of producing castings are available to the 
foundryman: plaster, permanent, precision in- 
vestment, centrifugal, and slush molding, A 
brief description of these special processes is 
given in the following paragraphs. 

Plaster Mold Casting 

Plaster moldii^ is a definite refinement of 
the sand casting method of producir^ castings. 
The patterns used for this process are not 
subjected to the abrasion action of the mold 
material as in sand molding. In contrast to 
other methods of casting metals, plaster mold- 
ing uses an investment material such as gypsum 
(plaster of paris) to provide the controlling 
factors fur liquid metal poured into molds that 
are properly treated with water and dried. To 
the mold investment material various other 
ingredients, such as talc, asbestos fiber, silica 
sand, or silica flour have been adried to obtain 
the required mold properties. 

When properly employed, plaster molding 
produces a mold that will result in a casting 
with a smooth castir^ surface, free from holes, 
surface maiits, and other casting defects. In 
addition, this method makes possible the exact 
duplication of the fine detail of the pattern. 

The plaster mold is made by placing a suit- 
able frame (flask) over the pattern and pouring 



the prepared liquid investment (slurry) into 
the frame, Ulien the investment sets, (hardens) 
the pattern is removed from the mold and 
processed by heating to dehydrate the finished 
mold. The parts of the mold (cope, drag, cores, 
etc), are then assembled and poured. 

Due to the insulatii^ characteristics of the 
dehydrated mold, a lower pouring temperature 
than is required for the sand casting method^ 
may be used without danger of premature 
solidification (freezing) of the casting. 

Permanent Mold Casting 

The term • 'permanent mold'* is somewhat 
of an incorrect designation, as there is no 
truly permanent mold. However, the term is 
applied to that type of foundry mold made of 
metal or a refractory material capable of being 
used to produce a large number of castir^s. 
Castings made from permanent molds are some- 
what finer in grain structure than those cast by 
the sand casting method due to the more rapid 
solidification of the metal. Therefore, machining 
of small castings made from permanent molds 
may be eliminated because of better surface 
conditions of the metal. 

Erosion of the metal mold caused by high 
pouring temperature is the limiting factor in 
determining the life e>q)ectancy of the per- 
manent mold. Therefore, the first consideration 
in the mold construction is the proper selection 
of the best material at the most economical 
cost. Cast iron, steel, brass and bronze are 
the materials used in metal molds, (Cast iron 
is the most commonly used.) 

Other factors to be considered for the life 
e^qiectancy of the mold depend on the charac-* 
icxistics of the metal being cast, the mold 
design, mold construction, and the basic design 
of the finished casting. 

Precision Investment Casting 

Precision investment casting is a modern 
version of the Lost Wax Process v^iiere the wax 
pattern is embedded in an investment of silica 
sand instead of refractory clay. 

The process begins with the preparation of 
one or more patterns \^ich are made oversize 
to compensate for the shrinked upon solidifica- 
tion of the metal in the manufacture of a metal 
mold. The mold is finished and used to produce 
the required number of wax patterns. From the 
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wax patterns (pattern, sprue, runner, and gates 
attached), a silica sand investment mold is made. 

When the investment hardens, the mold is 
inverted and heated to melt out the wax pattern, 
thus producing a mold cavity having the exact 
shape and size of the pattern. 

Centrifugal Casting 

In centrifugal casting, liquid metal is poured 
into a rotating mold (either sand-lined or carbon 
or permanent). The speed of the rotating mold is 
limited and controlled by the size and weight 
of the casting. While the mold is rotating, a 
centrifugal force of 75 times the force of gravity 
is produced to force the molten metal against 
the mold wall and hold it there until freezing 
(solidification) of the metal. 

The pressure created by the centrifugal 
force, produces desirable characteristics in the 
casting, such as: greater density, freedom from 
gases, and freedom from inclusions. 

Castings produced by the centrifugal casting 
method have a better suiiace finish and require 
less machining on the outer surface than sand 
castings. However, they require more machinir^ 
on the inner surfaces due to the lightness of 
the impurities m the molten metal; the im- 
purities are forced to the inside of the mold 
by the greater centrifugal force of the heavier 
metal. 

Centrifugal castings have a finer gram 
structure and better mechanical properties than 
ordinary sand castings. In additidn, it is possible 
to produce thinner walled castings (such as 
cylinder liners, piston rings, engine cylinder 
barrels, and pipe) than by any other casting 
process. The thickness of the casting depends 
only upon the amount of molten metal that is 
introduced into the mold. 



Slush Casting 

Slush castings of a small nature are made 
by utilizing sand or metal molds to produce 
thin walled castings primarily for ornamental 
or statuary work. In tl.is process, the metal 
Is allowed to cool long enough to form a shell. 
As soon as the desired thickness of the shell 
Is obtained, the mold is Inverted and the re- 
maining liquid metal is poured out, leaving a 
hollow center In the casting. This casting 
process is used only for castings of the leaa 
and zinc alloys. 



Lost Wax Process 

One of the oldest and most fascinating 
methods of casting metals is the CIRE PERDU 
or LOST WAX PROCESS. The lost wax process 
was used by the ancients in the casting of 
statuary bronzes. Castings have been found that 
were molded and cast before 3000 B.C. Even 
today, to the average person, including a vast 
army of foundrymen (Patternmakers and 
Molders), the entire process is wrapped In 
mystery. 

Basicallv, the process involves making a 
wax pattern or model over which a semlplastlc 
or plastic refractory clay is poured or worked 
about the pattern. The refractory clay (mold) is 
allowed to dry and harden after which It is baked. 
During the baking, the wax melts and runs out of 
the mold, leaving a cavity to be filled by the 
metal being cast, duplicating the fine detail left 
by the wax pattern. The mold is provided with an 
aperture or gates for the removal of the melted 
wax and for pour'. .^ o." the molten metal. Small 
holes or mold vents are also provided to release 
any trapped gases during the pouringof the metal. 

Because of the melting of the wax (destruction 
of the pattern) in the evolution of making the 
meld, the lost wax process is slow and very 
expensive. However, the basic principles of the 
lost wax process are used In the manufacture 
of castings by the precision Investment method. 

An interesting fact is that the Navy Dental 
Technician also uses the basic principles of 
the lost wax process and centrifugal casting In 
the manufacture of dentures. 



ELEMENTS OF A MOLD 

A mold is a form Into \rtilch molten metal is 
poured to produce a casting. A number of dif- 
ferent materials (loam, cement, plaster of parts, 
metal) may be used to construct molds, but in 
the Navy foundries the basic molding material 
Is always sand. This sand may be natural bonded, 
or It may be synthetic (all purpose). 

Besides the factor of good sand control, 
there are a number of other requirements that 
must be met in constructing an adequate mold. 
The sand must be properly rammed; the pattern 
must first be properly set In the mold, and later 
properly withdrawn; the system of sprues and 
gates must be designed so that the molten metal 
win flow freely Into the mold cavity; risers 
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muBt be provided, in all but the simplest cast- 
ings » as a reservoir of hot metal to com- 
pensate for shrinkage as the casting solidifies; 
and molds must be vented to permit easy escape 
of gases. 

Some applications will require the use of 
cores, to provide for bolt holes, bosses, etc., 
on the finished casting. It may be necessary to 
use chaplets to hold such cores in place. In 
occasional cases, facing nails must be used to 
lock the mold cavity surface with the body 
of the mold. In heavy sections of a casting, 
chills may be needed to ensure directional 
solidification. 

A single design that might be invariably 
followed in constructing a mold Is not feasible, 
since die kind of pattern, and the material, size, 
and operating requirements of the castings, 
necessitate many variations. This chapter, 
therefore, is not designed to tell you how to 
construct the ideal mold. Its purpose is rather 
to give you the general principles of mold 
design. 

The size and shape of the casting determine 
the kind of mold to be used as well as the de- 
tails of its construction. Nevertheless every 
mold has several common component pvi^s. 
Obviously, a mold requires a cavity having the 
shape of the desired casting. Of equal import- 
ance, though, is the means provided for the 
entrance of molten metal and the provisions 
made for insuring proper solidification, and thus 
a sound casting. Normally, the parts of a mold, in 
addition to the cope, dr^, and mold cavity, are 
the pouring basin, sprue, gate, riser, and vents. 
Sometimes, a core may be required. 

The path of the molten metal is as follows; 
Molten metal is poured into a basin located in 
or on the top of the cope; from there it passes 
down a vertical sprue through the cope, and into 
a horizontal channel or gate that is cut in the 
parting plane of the dr^ and leads into the 
mold cavity. These basic elements are shown 
In figure 2-3. The riser and vents» also 11- 
luc>trated in the figure, are not a part of the 
design for conducting the molten metal from 
ladle to mold cavity. However, venls always, 
and risers usually, are necessary to the casting 
process. 

MOLD CAVITY 

For very simple castings, the molding cavity 
may be confined to the drag portion of the 
mold, but in most cases you will ram up your 
pattern so that the mold cavity Is in both cope 
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Figure 2-3.— Basic parts of a mold. 



and drag, in relatively equal proportions. The 
procedures that you should follow In constructing 
the cavity are discussed In a later section of 
this training manual. 

The fundamental requirement Is that, after 
drawing the pattern, you have a cavity left 
that is essentially the size and shape of the 
casting to be made. 

Sprues, gates, and risers are rammed up 
at the same time as the pattern. After the 
pattern Is withdrawn, the Molder can add any 
required flnishii^ touches to sprues and gates. 
Such finishing touches would be slicking c'own 
the sand, and rounding off sharp ed^s. 

POURING BASIN 
AI\D SPRUE 

Several designs of pouring basins are satis- 
factory. A tapered, conelike cavity can beformed 
directly over the sprue; this Is probably the 
most commonly used design. However, the basin 
may also be shaped like the mouthpiece of 
a trumpet, or It may be located alongside the 
sprue. Typical pouring basin designs are 
Illustrated In figure 2*4. 

A pouring basin of the type shown at A In 
figure 2-4 has the diameter at the top of the 
cup about 2 1/2 or 3 times that of the sprue, 
and has the cup walls at a steep angle. The 
depth of the cup should be sll^^tly less than the 
diameter at the wide part. This is the general 
type that you should use on molds with a sprue 
diameter of 2 Inches or more. 

The type of pouring basin Illustrated at B 
m figure 2-4 Is used for castings where the 
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68.2 



Figure 2-4. — Pouring basins. 



sprue is less than 2 inches in diameter. The 
diameter at the top of the basin should be 
about three times that of the sprue, and the 
depth of the basin should be slightly less than 
the diameter. The shape of this bas^n provides 
a larger metal capacity than does the cone- 
shaped type of similar dimensions; It enables 
you to pour the metal without splashing, and to 
keep the cup filled while the casting Is poured. 

The type of basin Illustrated at C of figure 
2-4 utilizes the damlike entrance to the sprue 
to separate the sle^ from the molten metal. 
Like types A and B, of figure 2-4, this pouring 
basin must be wide enou^ and deep enough to 
prevent the splashing of metal during pouring. 
The basin must be adequate for the sprue, and Its 
capacity must be sufficient to permit pouring 
without splashing. The basin may be constructed 
either in the cope or as a separate structure on 
top of the cope, depending upon the amount of 
space that Is available In the cope. 

Unless the basin Is kept filled during the 
pouring procedure. It will fail to serve its 
function of excluding slag and dirt from the 
mold. Since the slag and dirt rise to the top 
of the molten metal, the chances of keeping It 
out of the mold cavity are better If you can 
fill the pouring basin before any metal runs 
throu^ the sprue. 



The gate is an opening between the sprue 
(or runner) and the mold cavity, providing a 
channel for the molten metal. Actually, few 
molds are made with a single gate, since 
multiple gating ensures rapid filling of the mold 
cavity, and prevents the concentration of hot 
spots. However, In discussing the various types 
of gating systems, we can speak of each type 
as a single gate. 

Gating from the top of the mold cavity leads 
to turbulence In the molten metal, and Is likely 
to cause erosion of the molding sand. Gating 
from the bottom of the mold cavity cuts down 
turbulence and erosion, and Is a practical aid to 
the production of clean castings. 

Regardless of type of gate, there are certain 
important principles necessary In producing 
sound castings: 

1. A gate must be small enoug^i so that It 
is kept full of molten metal during pouring. 

2. The gate must be large enough to admit 
a sufficient amount of metal to fill the cavity 
before the metal freezes and stops flowing. 

3. Size, shape, and cross-section thickness 
of the casting help to determine the lype of gate 
to be used. ^ .„ ^ 

4. Gates should be placed where It will be 
easy to grind the casting true. 

Unless the type of gate that is used Is 
capable of feeding the required amount of metal, 
there may be a malformation of the casting. 
To ensure proper feeding for the various sizes 
and shapes of castings, the foundry Industry 
has developed a number of different designs for 
gating. 

PARTING LINE GATES are easily construct- 
ed; In most cases they are simply channels, 
between sprue and mold cavity, cut In the drag 
of the mold parting joint. Figure 2-3 Illustrates 
a mold with a parting line gating system. 

BOTTOM GATING Is especially good for 
working with bronzes or with alloys that have 
a tendency to dressing. This type of gating 
introduces the metal into the cavity with a 
minimum of turbulence. Figure 2-5 Illustrates 
a mold gated with a bottom gating system. 

TOP GATING is suitable for use only If the 
mold Is capable of withstanding erosion, and if 
the casting metal is nondrosslng. 

STEP GATES Illustrate a type of combination 
gating system that Includes the good features 
of both top and bottom gating. Each gate Is 
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constructed with an upward incline, as indicated 
in figure 2-6. The first metal in the mold 
enters through the liottom gate; as the cavity 
fills, a higher level grxte lyecomes active. 

\MIIRL GATES combined with parting gates 
are a useful device for collecting and trapping 
dross, dirt, and eroded sand. This combination 
develops a swirling action which washes dirt and 
sand on top of the metal stream into the riser. 

A SKIMMING GATE is advisable in cases 
where dirt-free castings are required. The 
skimmer is very much like a riser, but its 
primary function is to receive excess liquid 
metal rather than to feed it. 
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Figure 2-5. — Mold gated from bottom, with gate 
core used to prevent cutting. 
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Figure 2-6. -Step gating. 



Skimming gates are rarely used except 
where clean castings are definitely required, 
since the use of this type of gate demands more 
metul than would ordinarily be melted for a 
casting of the specific size. 

PENXIL GATES can be used when a rela- 
tively large volume of metal must be rapidly 
introduced into a thin casting. These gates have 
a circular cross section and are usually em- 
ployed in clusters* 

HORN GATE, which is just what the name 
suggests, is a common design for a bottom 
gate. It is a circular-shaped gate or sprue form 
having a rectangular or round cross section, 
and is used when the molten metal is to enter 
the mold cavity well below the parting line* 

RISERS 

When a casting is bulky, and slow to solidify 
in the center, the gating system alone is not 
enough to feed the castir^; this is because the 
gate, which must be kept relatively small, could 
freeze completely while the bulky part of the 
casting is still liquid* The dam produced by 
the solidified metal in the gate would obstruct 
any additional feed to the casting* When feed 
is obstructed, the shrinkage that occurs as the 
casting solidifies will leave cavities in the 
finished casting. 

The use of risers to feed the casting is 
designed to prevent this type of cavity from 
developing. The riser, of course, must be large 
enough so that the metal for which it serves 
as a reservoir will remain liquid until the 
casting has solidified. 

The principal function of a riser is to serve 
as a source of molten feed metal for those 
portions of a casting that are the last to 
solidify. Determine which sections of a casting 
will need to be fed, and then design risers that 
will supply these sections. It is important, too, 
that you know the alloy used in the specific 
casting, because solidification problems vary, 
depending upon the type of metal involved. 

There are a few general rules concerning 
shape and dimensions of risers: 

The SHAPE of the riser is ordinarily cy- 
lindrical, in order to provide the greatest 
practical ratio of volume to surface area. It is 
important that this ratio be greater for the 
riser than for the section that it feeds. If the 
metal in the riser and in the section were to 
solidify at the same rate, the riser would serve 
no purpose. 
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A spherical shape has the smallest sur- 
face area for a given volume, but it is not a 
practical shape for an open riser. Blind risers 
usually approximate the form of a sphere. 
Rectangular shapes are inefficient, since their 
corners rapidly solidify, and the effective portion 
for feeding is limited to the largest ellipse 
or circle that can be inscribed in the cross 
section of the riser. 

To determine the DIAMETER of the riser 
where it contacts the casting section, draw a 
cross-sectional view of the section, and inscribe 
within it the largest possible circle. Measure 
the diameter of the inscribed circle, and multi- 
ply it by 1.5, to obtain the diameter of the riser 
where it contacts the casting. The ffiser should 
widen to a sli^tly greater diameter above the 
point of contact, or neck. 

A HEIGHT of 1 1/2 times the diameter 
should give maximum effectiveness to the riser. 
Do not be misled into thinking that giving added 
height to the riser will ensure keeping the neck 
area open, because of the added pressure from 
the column of molten metal. Actually, you will 
only be decreasing the number of casting that 
can be poured from a given melt, since you 
will be wasting metal to keep the too large 
riser filled. Too short a riser is equally In- 
efficient, since It will fall to provide sufficient 
metal to compensate for casting shrinkage. 

The open riser, cut all the way through 
the cope. Is easier to construct than the blind 
riser. Further, It Is open to the atmosphere, 
and atmospheric pressure on the surface of the 
metal In the riser operates to feed the casting. 

The blind riser Is more efficient In the de- 
livery of feed metal. The dome shape, a closer 
approach to the Ideal spherical shape, makes It 
more effective as a reservoir. Because the 
riser Is surrounded by sand. It does not lose 
heat throu^ radiation to the atmosphere. To 
provide a specific amount of feed, therefore, 
the blind -Is**'* may be smaller than an open 
riser; this results in a conservation of metal. 

The same need for atmospheric pressure to 
force feed metal Into the casting exists in the 
case of the blind riser. Here the pressure 
passes through the permeable sand in the mold, 
and is given access to the riser through a vent 
core. The size of the vent core should be 
proportional to the diameter of the riser. 

The small gate throu^ which a blind riser 
is poured freezes soon after pouring is com- 
pleted. Riser and casting then form a closed 



system. As shrinkage occurs In the casting, 
a partial vacuum Is created; atmospheric pres- 
sure on the metal In the riser forces metal Into 
the casting, to relieve this vacuum. 

VENTS 

Molds must be vented to expedite the escape 
of steam and gas generated within the mold as 
the sand is raised to a high temperature. These 
vents are made after the cope has been rammed 
and struck off, by forcing the vent wire down 
through the cope to the mold cavity. 

Pressure of the molten metal against the 
mold sand forces the steam (from the moisture 
In the sand) to flow away from the casting, and 
deeper into the sand. As It reaches sand that Is 
still cold, the steam condenses, and thus adds 
more moisture content to this portion of the 
mold. With the heat from the casting penetrating 
deeper Into the mold, the moisture is driven 
farther away, until It Is concentrated In a thin 
envelope of sand surrounding the casting. 

Once this Impermeable envelope forms, the 
steam Is forced back Into the casting which Is 
still liquid. These kickbacks of steam may carry 
some sand with them; the result will be that the 
casting will show blowholes and sandholes, or 
streaks of unsound metal. 

Besides causing these defects In the castings, 
confined gases may build up pressure sufficient 
to blow some of the liquid metal out of the mold. 
Venting, therefore. Is a very Important factor In 
obtaining good castings. Locating the vents Is 
also Important; they must be within the Im- 
permeable envelope of sand, or else they will 
prove utterly useless In providing for the* escape 
of gas. 



BASIC DESIGN OF CASTINGS 

The Patternmaker's major goal is the pro- 
duction of precision patterns that will enable 
the Molder to make sound castings. Many of 
your jobs as a Patternmaker will involve 
working from blueprints which give you a great 
deal of Information in concise form. Blueprints 
give you the name of the part, the material to be 
used, the number of castings required, the kind 
of finish, and heat treatment data, as well as 
the size and shape of the object. Yet, a lot of 
important Information needed to produce the 
casting Is not shown on the drawing. Usually, no 
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Information is given on how the pattern should 
be constructed or how the part should be 
molded. These details are left to the crafts- 
manship of the Patternmaker and the Molden It 
is important, thercforep that the Patternmaker 
confer with the Molder, and sometimes with the 
Machinery Repairman and Hull Maintenance 
Technician as well, before building the pattern. 
In a few instances, however, when a certain 
special result is required, the molding method 
or the position of molding may be specified 
on the blueprint. 

When the design of the part is complicated, 
it is often difficult to visualize the casting from 
the print. Under these circumstances it is 
helpful to construct a model, either to scale or 
full size, to eliminate the possibility of error 
in visualization, Witli this model you can better 
visualize how the metal will enter the mold and 
how it will solidify. It will help you to decide 
how the casting is to be molded, and to see 
more clearly the problems that will face the 
M older. It also will help you to plan the pro- 
cedures for constructing the pattern. 

The patterns made in the pattern shop must 
be well planned, designed, and constructed to 
enable the Molder to produce sound castings. 
Normally, design is the responsibility of a 
design engineer. Occasionally, the Patternmaker, 
in cooperation with the Molder, may be called 
on to create a new part or to redesign an old 
part that has prematurely and repeatedly failed 
in service. Therefore, it is the Patternmaker's 
responsibility to know the sound, basic rules 
of design or redesign so that the castir^ will 
have the requisite strength and function prop-* 
erties that are required, A knowledge of the 
basic engineering and foundry principles that are 
fundamental to producing sound castings will 
help in making good patterns, 

BACKGROUND FOR DESIGN 

In designing a casting, you must consider 
and provide for the solidification characteristics 
of the metal used. Molten metal solidifies in 
the mold as a gradually thickening envelope or 
skin. The rapidity of this solidification is 
governed primarily by the relation between the 
section mass, mold surface area, and the 
solidification range of the metal. Obviously, 
other things being equal, the thimier sections 
will solidify before the thicker ones. 

During solidification of the metal, a pro* 
nounced contraction takes place. This means 
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that additional metal, more than that required 
for the Initial filling of the mold cavity, must 
be supplied or fed to the solidifying casting to 
ensure internal soundness. This additional metal, 
stored in the risers, must remain liquid until 
the casting has solidified. It is important that 
the casting sections be proportioned and 
positioned so that the sections most distant 
from the risers solidify first. Subsequent 
solidification then progresses toward the risered 
section where the hottest metal is located. 
While solidifying, the cast metal takes on 
an increasingly rigid form. The solidification 
is accompanied by contraction. The pattern's 
shrinkage allowance must compensate for this 
contraction or castings will not be the desired 
size. This contraction in the cast metal is 
opposed by the mold, and often by parts of the 
casting itself because of its irregular shape. 
This is likely to result in severe contraction 
stresses; and castings then must be heat-treated. 
The different cooling rates of thin and heavy 
sections result in the cooling and severe 
contraction of the thin sections prior to the 
complete solidification of the heavy sections. 
This results in stressing the partially solidified, 
and still very weak, heavy section. 

Besides solidification, the crystal structure 
of metals requires consideration from the 
designer. Most metals solidify by the forma- 
tion and growth of crystals. The relative size 
of the crystals is determined largely by the time 
consumed in solidifying and coolii^ in the mold. 
As this time is greater for heavy sections, 
the crystalline strucfoire of a heavy section is 
correspondingly coarser than that of the ligjiter 
sections. In the case of steel, coarse crystal- 
lization means lower physical properties. With 
the nonferrous metals, a separation of the lower 
melting point constituents is likely to occur. 
In designing a casting, follow the specific 
design rules as much as possible. Try to sim- 
plify the design wherever you can. Simple 
designs reduce the patternmaking and molding 
costs. If a complicated design is unavoidable, 
check the possibility of making the part In 
sections which later can be bolted, riveted, 
or welded together. If possible, avoid using 
loose pieces, deep pockets, or closer dimen- 
sional tolerances than necessary, in the pattern. 
Do not let the simplicity of shape fool you, 
thoug^i. Frequently, those parts having what 
appear to be simple shapes present the most 
difficult feeding problems. For example, a 
brick-shaped object is one of the most difficult 
shapes to cast with complete internal soundness. 
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Large, flat-plate castings or thin walled cy- 
linders also look simple but pose some very 
difficult molding problems. 

SPEaFIC DESIGN RULES 

There are several specific rules to follow 
in designing a casting. One rule is to avoid 
sharp angles by using gradi.al contours. The 
shape of the casting section affects the metal 
structure. Rounded corners are advantageous in 
the formation of the crystal grains. 

A design must also provide for the shrinkage 
which occurs in metals when they change from 
a liquid to a solid state. The parts must In- 
crease in thickness progressively to points 
where risers will provide the metal needed to 
offset the metal shrinkage. A riser cannot feed 
a section of uniform thickness for a distance 
greater than approximately 4 l/2 times the 
section thickness. Therefore, it is important 
that casting sections having considerable length, 
but not accessible for rlsering, be tapered 



rather than uniform in cross section. Further, 
the larger portion of the section should be near 
the riser. Figure 2-7 illustrates two examples 
of correct and incorrect methods of designing 
for casting soundness. 

Castings should be designed co that large 
differences In cross sections do not exist. The 
various sections should be as uniform as possible. 
But at the same time, the length of uniform 
sections must not exceed the ability of the 
riser to feed the section. Heavier sections should 
be tapered into the lighter one gradually, never 
abruptly. 

A minimum casting thickness must be main- 
tained. The minimum cross-section thickness 
through which a molten metal will normally flow 
is Indicated in the following guide: 

Inch 

Aluminum 

Brass and bronze 3/ 32 

Casiiiun J/ J 

Steel 3/1^ 




RISER 



SHRINK DEFECT 



A 

INCORRECT 

(NOTE SHRINKAGE IN RISER 
AND CASTING) 




SHRINK DEFECT 
RISER 



B 

CORRECT 
(NOTE SHRINKAGE IN RISER) 
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Figure 2-7. — Use of taper in casting design. 
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The sections should be no thicker than neces- 
sary, but should be sufficiently thick to permit 
the proper running of the metal in the mold» 

In designing adjoining sections, there are a 
few rules to follow* Figure 2*8 illustrates the 
avoidance of sharp corners by using a curve to 
avoid heat and stress concentration* Intersecting 
members of equal cross-sectional thickness do 
not create a molding problem if the joint loca- 
tion can be directly fed by a riser. All too 
frequently, though, it is impossible to feed these 
members directly. One way to avoid an area 
of excessive mass and at the same time obtain 
a moi-e uniform section thickness is to stagger 
the Intersecting members. Stagger the cross 
members or ribs, and eliminate sharp corners 
at adjoining sections. Do not bring more than 
three sections together, because shrinkage and 
porosity troubles occur most frequently at 
member junctions. If the gradual blending of the 
sections is not possible, use fillets at the 
junctions. 

Use fillets at all sharp angles, especially 
at inside comers, to make the corners more 
moldable and to eliminate a plane of weakness 
resulting from a peculiar type of grain growth 
which occurs at sharp internal angles. The ar- 
rangement of the grain growth (crystals) is 
so that the lines of strengtii are perpendicular 
to the face of the casting. The size of the fillet 
depends on several factors: the kind of metal. 



the thickness of the wall section, and the shape 
and size of the casting. Large fillets produce 
nonuniform metal thickness and tend to cause 
nonuniform cooling, resulting in a weak casting. 
I-Mllets that are too large are just as bad as none 
at all. A good rule is to make the radius of the 
fillet one-half to one-third the size of the mean 
cross-sectional thickness of the sections joined. 
(See fig. 2-9.) 

Bosses and pads should not be included in the 
casting design unless absolutely necessary. They 
increase the metal's thickness and create hot 
spots which may lead to improper solidification 
and to coarse grain structure. If bosses and 
pads arr. used, they should be blended into the 
casting by tapering or flattening the fillets. 
If several pads are required for one surface, 
they should be joined as a panel of uniform 
thickness. (See fig. 2-10.) 

If possible, design a casting so the surfaces 
to be machined are cast in the drag section of 
the mold. If such surfaces must be cast in the 
cope section, you must provide an extra allow-* 
ance for the finish. 

In addition to bosses and pads, a Pattern- 
maker may be confronted with the problem of 
designing ribs. The primary use of ribs is to 
reinforce the casting without Increasing overall 
wall thickness. Properly designed ribs also 
reduce the tendency of large flat areas to distort. 



STRESS 
CONCENTRATION 



m 




SHRINKAGE 
OR DRAW 




FILLET ADDED TO ELIMINATE 
CASTING STRESSES 



Figure 2-8. — Design for adjoining sections. 
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HOT SPOT 



SHARP 
CORNERS 




HOT SPOT 



ROUND ON 
OUTSIDE 




FILLET INSIDE; 
ROUND OUTSIDE 



SHRINKAGE 
OR DRAW 



FILLET TOO URGEj 
ROUND TOO SMALL 



Figure 2-9.— Grain structure created by fillets. 
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PANEL OF UNIFORM THICKNESS INSTEAD 
OF MANY PADS 



23.10(68) 

Figure 2-10.— Designing a panel to simplify 
machining. 



For maximum effectiveness, ribs must not 
be too shallow in depth nor too widely spaced. 
Ribs should also be rounded at the edges, cor- 
rectly filleted, and not more than 80 percent of 
the casting thickness. When a reentrant angle, 
an angle having toes projecting Inwardly, is to 
be made with ribbed strengiheners, casting 
difficulties may be eliminated by using cores 
to provide holes in the ribs. In this way, the 
sectional mass of metal may be reduced at the 
Juncture of the rib and the angle, thus con- 
tributing to proper metal solidification. This 
background in casting design and foundry 
principles should enable you to select the type 
of pattern equipment most suitable for each 
specific job. 

GLOSSARY OF TERMS 

The following definitions are of terms used In 
chapter 3. 

CHAMFER— To bevel a sharp edge. 

CONTRACTION RULE— (Shrinkage rule)— A 
rule havli^ the graduations so enlarged as to 
compensate for the lessening In the size of a 
casting caused 1^ the decreasing size of the 
cooling m^-tal. 

CORNER TOOL— A tool used for slicking the 
comer of a mold, inaccessible to the ordinary 
form of finishing tools. 
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COUNTERBORE-The cylindrical enlargement 
of the end of a hole for receiving and setting 
the head of a screw below the surface. 

DOWELS— Pins of various types used on the 
jcint between the sections on parted patterns 
or core boxes to assure their correct registering. 
Also used on loose pieces for temporary attach- 
ment to patterns or core boxes while sand is 
being rammed. 

JIG — Any device so arranged that it will expedite 
a hand or machine operation. 

LAYOUT BOARD — A board upon which a layout 
of a pattern Is made. 

PATTERN LAYOUT - Full-size layout on a board 
of a pattern to be constructed using shrinks^ 
rule and showing its arrangement and structural 
features. 



STRAIGHT EDGE -Relatively long piece of 
material having one or both edges a true plane. 

SEGMENTAL CONSTRUCTION — Building up In 
a series of courses a pattern structure of seg- 
ments with the alternating end Joints occurring 
midway between those of the preceding course. 

TEMPLATE — This piece of material with the 
edge corresponding to a specific contour and 
used as a guide for checking purposes. 

WORKING EDGE— Edge surface of a piece of 
material that has been planed stral|^t and square 
with the working face. 

WORKING FACE— Surface of a piece of material 
thpt has been planed true and that is to be used 
as a basis for the dressing of all other surfaces. 
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PATTERNMAKER HANDTOOLS 



Although machines are used by the Pattern- 
maker, a great deal of his work must be done 
by hand as no machine has yet been designed 
that can replace the skill of the Patternmaker 
with his handtools. 

Patternmaklng requires the use of many 
different woodworking tools and drawing instru- 
ments, each of which is designed to do a specific 
Job. The skilled craftsman knows what each 
tool can and cannot do and selects the proper 
equipment for the particular job. The proper 
use of tools not only enables you to turn out 
quaUty work but also helps you to develop 
safe working habits. 

Many of the tools used by the Patternmaker 
are the same as those xised by the draftsman, 
carpenter, and cabinetmaker. However, the 
building of wooden patterns from which metal 
castings are to be made, presents special 
problems requiring special tools. For example, 
the Patternnutker works to such close tolerances 
that the thickness of a pencil line is often enough 
to cause an error in measurement. Thus, the 
Patternmaker scribes all lines on the layout 
with a bench knife. The Patternmaker also uses 
a shrink rule (which allows for the normal 
contraction of cooUng metal) in drawing a layout 
for a pattern. Forming curved sections of a 
pattern and core box may require the use of 
planes, sole planes, spokeshaves, special carving 
tools, and templates. The rough handUng to which 
a pattern is exposed and the tendency of wood 
to warp under the extremes of temperature and 
humidity in the foundry make it necessary for 
the Patternmaker to glue and to fasten securely 
the component parts of the pattern. For this, 
he uses special holding tools, clamps, pinch 
dogs, and Jigs. The direction of wood grain 
must also be taken into consideraUon during 
the fabrication of a pattern. 

The most important handtools are arranged 
and discussed In groups according to the kind 



of work they are designed to do, such as meas- 
uring, marking or laying out, cutting and carving, 
forcing and holding, and abrading. 

The various tools discussed in this chapter 
are by no means all the tools that exist in these 
categories, however, they are the tools you will 
normally find in a Navy pattern shop. 

MEASURING TOOLS 

The measuring tools normally found in a 
Navy pattern shop are various types of rules, 
calipers, squares, ami gages. 

Their primary function is the measuring of 
lengths, diameters, angles, radii, and all other 
geometric forms. 

RULES 

The chances are that you have used numerous 
rules. The three types of RULES most used in 
the pattern shop are- TheSHRINK RULE, 6-FOOT 
FOLDING RULE, and the STANDARD STEEL 
RULE or scale. Figure 3-1 illustrates the com- 
parison of a standard steel rule to shrinkage or 
contraction rules. 

Shrink Rule 

The SHRINK or CONTRACTION RULE has 
been devised to compensate for the contraction 
of a casting while its metal is cooling and 
contracting. It is an expanded rule which has 
had its graduations increased to allow for this 
decrease In size of the casting. Since all metals 
do not contract the same, it ia necessary to 
have more than one shrink rule. A variety of 
such rules are therefore in use, but th? most 
common ones are the l/lO-inch-shrink-per-foot 
rule for cast iron, the 3/16-lnch rule for brass 
and bronze, and the 5/32-lnch rule for aluminum. 
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SHRINKAGE OR CONTRACTION RULES 



Figure 3-1. —Comparison of a standard rule to shrink rules. 
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Linear contractions of metal and alloys have 
been determined by experimentation and con- 
verted into tables, (See chapters 8 and 10 of 
this manual.) Such tables are intended merely 
as guides »)ecause each specitic job ni;ty require 
some minor deviation. 

The shrink rule comes in 6-inch, 1-foot, 
and 2-foot lengths. Actually, the 24-inch shrink 
rule for bronze and brass is 24 3/8 inches in 
length. In using the shrink rule, the Pattern- 
maker proceeds just as though he were using a 

standard rule. However, when the pattern is 
completed its dimensions are longer in the same 

proportion than the shrink rule is longer than 

the standard rule. 

When making a layout from a blueprint, it 

is advisable to stow in a bench dra'^er all other 

shrink rules not being used at the .aoment, to 

prevent picking up the wrong rule. 

When working from a sample casting, the 

Patternmaker will first take measurements from 

the casting with a standard rule and then use 

the proper shrink rule for the layout work. 

Some kind of suitable standard or common rule 

is used. 

Folding Rule 

The 6- FOOT FOLDING RULE (fig. 3-2) is 
crrrmonly used for measuring rough stock and for 
estimating sizes of castings. It is not used for 
accurate final measurement in layout and pattern 
construction. Be careful when folding and un- 
folding this rule as it is easily broken. Oil 
the joints occasionally, and be sure that you 
keep glue and shellac out of the joints. 




4.16(133F) 
Figure 3-2. — Multiple folding rule. 



Standard Itule 

When more accurate measurements are 
required than can be obtained with the folding 
rule, the STANDAHD STEEL rule is used (fig. 
3-1)'. This rule is quite similar -to the shrink 
rule except that it is graduated in standard or 
normal length. The lengths normally found in 
a Navy pattern shop are 6, 12, 24, and 36 inoles. 

The standard rule is used chiefly to measure 
castings. Keep it clean and oil it down at the 
end of the day to prevent rusting. Never use a 
standard rule (or any other rule) as a piying 
tool or screwdriver since it is quite brittle. 

Even with adequate maintenance and care, 
the ends of a steel scale have a tendency to 
wear off through normal usage over a period 
of time. For this reason, most Patternmakers 
develop the habit of making all measurements 
from the 1-inch graduation mark rather than 
from the zero end of the scale. 

CALIPERS 

There are many types and variations within 
types of calipers. What we will discuss here 
are the types that will normally be found in a 
Navy pattern shop. 

Calipers are used for measuring diameters 
and distances or for comparing sizes or dimen- 
sions with standards such as the standard rule. 

There are INSIDE and OUTSIDE calipers, 
the size of which are determined by the length 
of one leg which is the maximum dimension 
they are designed to measure. For example, a 
3-inch caliper will measure a distance ot 3 inches 
with accuracy. If the designed distance is ex- 
ceeded (some calipers will exceed their designed 
size by over 30 percent), the legs will usually 
be sprung resulting in an inaccurate measure- 
ment. „ f J 
The basic types of calipers normally found 
in Navy pattern shops are the SPRING, FIRM 
JOINT, and LOCK JOINT CALIPERS shown 
in figure 3-3. 

Spring Calipers 

The spring caUper (fig. 3-3A) is available 
in sizes from 2 to 8 inches. The friction of 
the adjusting nut and screw works against the 
tension of the spring which holds the legs in 
any set position. They are available with either 
the quick spring adjusting nut or the more 
common soUd nut. The quick adjusting nut is 
the most desirable as it allows you to make 
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LOCK JOINT 



4.17(68C)A 
calipers. 



quick and positive adjustments. The threads of 
the nut firmly engage the screw at the slightest 
pressure from the leg and when the pressure 
is removed, the nut is released and allowed 
to slide freely over the screw. 

Firm Joint Calipers 

The firm joint type (fig. 3-3B) is available 
in a numl)er of sizes from 3 to 24 inches. This 
type of caliper is equipped with a nut and stud 
that provides sufficient friction to hold the 
legs in any set position. Some calipers of this 
type are equipped with an adjusting screw for 
fine adjustments. 

Lock Joint Calipers 

The lock joint caliper (fig. 3-3C) is available 
in 4 to 24 inch sizes. It features a joint that 
can be quickly and firmly locked by a sUght 
turn of the large knurled disk. A spring washer 
under the disk maintains proper tension of the 
legs when the joint is unlocked. 

These calipers are also provided with an 
adjusting screw to permit close adjustments 
for fine measurements. After the legs have 
been set to the approximate size and the joint 
locked, the final adjustment is made by a few 
turns of the adjusting nut. 

A variation of the lock joint caliper is the 
lock joint transfer caliper (fig. 3-4). It is also 
available in 4 to 24 inch sizes, it has the same 
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4.17(68C)B 



« 4.17(6& 
figure 3-4.— Lock joint transfer calipers 
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features of the look Joint caliper plus a leaf 
or transfer arm that Is locked In place by the 
large disk. One leg of this caUper Is secured 
to the leaf by a binding nut which, when released, 
allows the leg to swing free. This feature allows 
you to take measurements from the inside of 
chambered cavities, over flanges and other places 
where it is necessary to move the legs after 
they have been set to size. The transfer caliper 
is also available as a firm Joint type (fig. 3-5). 
However, the lock Joint Is considered to be 
superior* 

To use it. set the size, lock the Joint by 
ti«rhtening the large disk, loosen the binding 
nut (the leg will swing free, but the leaf wlU 
stay In place), remove the caUper. then return 
the leg to its place in the leaf and tighten the 
binding nut. The exact size can now be trans- 
ferred to a rule. Figures 3-6 and 3-7 illustrate 
the use of transfer calipers. 



LEAF 





4.17A.3&.7 

Figure 3-5.— Firm Joint transfer calipers. 
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Figure 3-6. — Measuring the thickness of the 
bottom of a cup with an outside transfer caliper. 
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Figure 3-7. — Measurtng a hard to reach Inside 
dimension with an Inside transfer caliper. 
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4.17(68C)C 
Figure 3-8.— Hermaphrodite calipers. 
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Another useful variation of both the lock and 
firm 'oint types is the hermaphrodite caliper 
(fig. 3-8). It is actually a cross between a 
d? vider and a caliper as it has one leg of each. 
It is used for scribing parallel lines from an 
edge or locating the center of circulaji* objects, 
as shown in figure 3-9. 

Use nf Calipers 

A caliper is generally useu in one of two 
wayG. Either the caUper is set to the dimension 
of the object and the dimension transferred to 
a scale, or it is set to a scale and the object 
worked until it checks with the dimension set 
up on the caUper. Figures 3-10 and 3-11 illustrate 
the use of outside and inside calipers. 

A good sense of feel must be acquired to 
use calipers properly. They showi be adjusted 
to where just enough drag or friction is felt 
to ensure contact of both legs to the object 
being measured. They should never be forced 
over the work. Too much drag will spring 
the legs and result in an inaccurate measurement. 

When adjusting calipers to a scale, it is 
good practice to measure from the 1 inch mark 
rather than from the end. The end of the scale 
may be worn or damaged which would result 
in an inaccurate setting. 




SCRIBING LINE 
OUTSIDE CALIPER 
SETTING 




©00 




□ 




4.17B 

Figure 3-10.— Using an outside caliper. 
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Figure 3-9. — Using the hermaphrodite caliper. 



4.17(68C)D 
Figure 3-11. -Using inside calipers. 
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Calipers are measuring instruments and must 
be properly cared for. They must be kept clean 
and lightly oiled. Oo not over-oil the joint of 
firm joint calipers or you may have difficulty 
in keeping them tight. In storing them, always 
hang them ap. Never throw them loose into a 
drawer or cabinet. Never use calipers for any 
use other than for what they were intended. 
Rememl)er that the accuracy of your work 
depends upon the accuracy of your measuring 
instruments. NOTE: Never set a caliper on 
work that is revolving in a machine. The contact 
of one leg of a caliper on a revolving surface 
will tend to draw the other leg over the work 
because of the friction between the moving 
surfaces. Only a slip:^t force is necessary to 
spring the legs of a c-Jiijier so that measure- 
ments made on mo'ing. surfaces are never 
accurate. 

COMBINATION SQUARE 

A complete combination squa* * "et (fig. 3-12) 
ip the most versatile layout and measuring tool 
used by the Patternmaker. It comrjines the 
functions of several tools and serves a wide 
variety of purposes. 



It consists of a grooved, hardened STEEL 
SCALE (blade), SQUARE HEAD, CENTER HEAD, 
and PROTRACTOR HEAD all of which are 
removable. 

The blade is usually 12 inches long although 
blades are available from 4 to *24 inches in 
length. It is usually engraved in four graduated 
scales; 1/64, 1/32, 1/16, and 1/8 inch. Used 
alone it serves as a very accurate standard 
scale and straight edge. 

The square head consists of three faces, 
a spirit level, scriber, and a thumb nut for 
holding the blade firmly in position. Two of 
the faces are ground at right angles (90 to 
each other and the third at 45"). The head can 
be adjusted and secured to any position on the 
blade. It can thus serve as a depth gagp, height 
gage, scribing gage, or for checking a circular 
cavity for trueness as well as laying out or 
checking for squareness and 45" angles. 

The center head is a V shaped attachment 
with two faces ground at 90° to each other. 
When the blade is inserted, it bisects the ai^le 
thus enabling you to find the exact center of 
circular objects such as bosses or shafts. 

The protractor head is available in two types; 
the "single" or "non reversing" type which 




29.25 

Figure 3-12. — Combination square set. 
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has only on© shoulder or the ••double" or 
••reversing^' type which has two shoulders. They 
both consist of a revolving turret which has 
a receptacle for the blade, a thumb nut for 
holding the blade firm.'y in place, and on some 
models, a small spirit level. Located on the 
bMy of the protractor are two small thumb 
screws for locking the turret in position. 

The turret is engraved with angular gradua- 
tions of either 0 to 180° or 0 to 90* right or 
left in 1° increments thus allowing you to layout 
or check angles within 1*. Some models will 
have both 90 and 180 degree scales engraved 
on the face of the turret and some will have both 
right and left 180* scales engraved which enables 
you to read not only the angle required but also 
the supplement to that angle. For instance, if 
the angle required is 70", the supplement to 
that angle will read 110". Figures 3-13 through 
3-16 illustrate some of the uses of the com- 
bination square. 



SLIDING "T" BEVEL 



The sliding ••T«' bevel (fig. 3-17) is an 
adjustable try square consisting of a slotted 
steel blade, beveled on one end, and either a 
wooden or metal handle. The blade may be 
adjusted to any angle and secured in place by 
a nut on the hinge or a thumb screw on the butt 
of the handle. 




Figure 3-13.— Squaring a line on stock with a 
combination square. 




Figure 3-14. — Using a combination square to lay 
out a 45* angle. 




Figure 3-15.— Drawing angular lines with* a 
combination square. 



The sliding ••T" bevel has no graduations, 
therefore, if a given angle is to be set or an 
existing angle read, It must be used with a 
protractor, square, or other graduated meas- 
uring device (fig. 3-18). 

The sliding ••T" bevel is used for trans- 
ferring angles, testing chamfers for trueness, 
and is also handy for laying out and testlne the 
draft of a pattern (fig. 3-19). 
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28.21 

Locating a center with a combi- 
nation square. 




SLIDING T 
BEVEL 



Figure 3-17.— Sliding T-bevel. 



44.26 



44.26B 

Figure 3-19. — Testing tiie trueness of a bevel. 

FILLET GAGE 

A FILLET or RADIUS GAGE, shown in figure 
3-20, is a useful tool for measuring fiUets 
and radii. Notice that it can be used to gage 
inside as well as outside corners. When a blade 
is found that fits the curve being checked, read 
the fractional size on the face of the blade. When 
you are using this gage to measure the sample 
casting from which you arc making a pattern, 
remember to take into consideraUon the fact 
that the corners of the old sample casting are 
probably well worn, giving you excessive readings 
on the gage. 




COMBINATION 
SQUARE 



SETTING THE T-BEvEL 




^•^^^ 5.14(68) 
Figure 3-18. "Adjusting a sUding T-bevel to a ^^^^^ 3-20. -Radius and fillet gage. 



desired setting. 
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MARKING OR LAYOUT TOOLS 

Marking or layout tools are normally used 
along with measuring tools. They are used to 
scribe or cut lines and outUnes in the various 
geometric shapes necessary for pattern layout 
and construction. 

The BENCH KNIFE (fig. 3-21) is probably 
the tool that is most used in the pattern shop. 
This knife is used to strike straight lines on 
layout work, to strike off accurate measurements 
on stock during construction, to whittle or carve 
patterns, and to cut and trim leather fillets. 
The bench knife has its blade loose in a slot 
so that the length of the blade can be increased 
as it is worn or ground down. Likewise, the 
sharpened portion of the blade can be withdrawn 
into the handle to protect the cutting edge when 
it is not in use. 

The SCRIBE (fig. 3-22) is used to strike 
straight or irregular lines on metal surfaces as 
well as on layouts and patterns. 




44.21 0(68C) 
Figure 3-21. — Bench knives. 




The MARKING GAGE (fig. 3-23) is used to 
scribe lines parallel to the working edge. It 
IB a rod about 6 inches long with a sUding head. 
The marking is done by a small point fitted 
at one end of the rod. 

The PANEL GAGE (fig. 3-24) is another 
commonly used marking gage. Jts head is much 
larger and its rod longer (usually about 18 
inches long) than that of the marking gage. This 
gage has a much greater range of distance and is 
used mainly for layout work where the other type 
will not reach. 

DIVIDERS (figs. 3-25 and 3-26) are essentially 
two legs hinged together at the top with some 
type of locking or adjusting device provided. The 
legs may both be sharpened or one leg may be 
designed to receive a pencil or otter markine 
instrument. ^ 

The size of dividers is determined by the 
length of one leg and they come in a variety of 
sizes and types. 

The types of dividers are the same as calipers; 
spring joint, firm joint, and lock joint, the 
spring joint type beingthe most popular. However, 
the lock joint type divider (also called the "wing 
divider") differs from the lock joint caUper 
in that the divider has a quadrant that is attached 
to one leg and passes through the other (fig. 
3-26). The locking device is either on the 
quadrant or on the leg through which the quadrant 
passes. 

In setting dividers to a dimension on a 
scale, the usual procedure is to locate one point 
in one of the inch graduations of the rule and 
to adjust the nut or screw so that the other 
point falls easily into the correct graduation 
(fig. 3-27A). Make certain points of the divider 
are not blunt (fig. 3-27B). 




Figure 3-22.— Scribe. 



Figure 3-23. — Marking gage. 
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45.132(68B) 



Figure 3-24. -Panel gage. 





ADJUSTING 
SCREW 



SETSCREW 




WING 



Figure 3-25.— Dividers. 



45.132(68C)A 



45.132(68C)B 
Figure 3-26.— Wing divider. 
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A BLUNT POINT WILL CAUSE 
AN INACCURATE SETTING 




ON RULE 



45.132(68C)C 
Figure 3-27.— Setting dividers. 




Figure 3-28. — Trammels. 



When transferring a dimension from a part 
or tool to the scale on a rule, use the same care 
In adjusting the points of the dividers, making 
sure that there is no pressure tending to sprinir 
the points either in or out. 

The primary functions of TRAMMELS (fig. 
3-28) are the same as those of tte divider, but 
for work that is beyonJ the capacity of dividers. 
They can also be used as calipers If you are In 
possession of the auxiliary attachments. 

The basic trammel Is a set consIsUng of 
two heads (trams) and either a metal or wooden 
beam. The wood beam must be manufactured by 
the Patternmaker as It Is not provided by the 
manufacturer. 

The trams have provision for attaching points 
which are available In various lengths. Some 
types may also have provision for a pencil or 
pencil lead on one tram. Usually one tram wIU 
have a device for fine adjustment. 

The auxiliaries usually consist of two sets 
of caliper legs and a set of ball points with 
holder. The ball points with holder are used 
for scribing or measuring from the center of 
a hole. 

The SURFACE GAGE (fig. 3-29) Is a tool 
used in pattern layout and construction to pick 
up or transfer a line and Indicate the accuracy 
or parallelism of one surface to another. 

The surface gage consists of a base which 
has a deep *'V«» groove cut Into the bottom and 
aUows it to be clamped to a cylindrical surface, 
a rocker adjusting screw for fine adjustments, 
gage pins which, when depressed, allow you to 
scribe Unes parallel to an edge, a spindle 
rocker bracket, and a spindle nut. An adjustable 
spindle is attached to the base by inserting 
It through the spindle nut mounting. The adjustable 
spindle Is equipped with a clamp and scrlber 
nut for securing a scrlber. A dial Indicator 
may be used in place of the scrlber or the 
scrlber can be attached directly to the spindle 
nut mounting and used where the working space 
Is limited and the height of the work is within 
range of the scrlber. 

The size of the surface gage is determined 
by the length of the spindle and is available in 
4 to 18 Inch lengths, the average or most 
commonly used size being 9 to 12 inches. 

The surface gage (fig. 3-30) is often used 
together with a SURFACE PLATE which is 
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GAGE PINS 



28.25.3 

Figure 3-29.— Surface gage. 

usually a rectangular steel or cast iron plate 
that is heavily ribbed and reinforced on the 
underside. The surface of the plate Is ground 
to a tnie plane and can be used for testing a 
surface or edge for flatness as well as a level 
base on which the surface gage and the part to 
be measured are placed to obtain accurate 
measurements (fig. 3->31). 

The surface plate must be kei^ lightly oiled 
to prevent rusting and pitting and should be 
covered when not in use to prevent scratching, 
nicking, and denting. It most be handled care- 
fully to prevent twisting and warping. Never use 
the surface plate as an anvil or as a workbench 
except for precision layout work. 




44.28 

Figure 3-30.— Surface plate. 

The MONKEY GAGE is a modification of the 
surface gage. It permits the Patternmaker to 
make a mt>asurement and to pick up a line 
behind an obstruction where the conventional 
surface gage is unable to reach. 

A MOUSE is a sharp-pointed tool (fig. 3-32) 
used for marking off material to fit closely 
to an irregular surface. Tlie point of the tool is 
flush with the face and— with the aid of a square- 
edged block— can be used to project Unes from 
the top to the bottom of any irregularly shaped 
object. 



CUTTING AND CARVING TOOLS 

At the beginning of this chapter it is stated 
that " vo machine has yet been designed that can 
replace the skill of the Patternmtker and his 
handtools." This is especially true In the case 
of cutting and carving tools for these are the 
tools that you will use to actually form the 
pattern. 

HANDSAWS 

The term "handsaw" is usually used in 
reference to the wood cutting rip saw or crosscut 
saw. However, there are a large variety of 
hand operated saws designed to serve special 
purposes, some of which are the HACKSAW, 
PATTERNMAKER'S SAW, DOVETAIL SAW, and 
COPING SAW. 

As their names imply, the ripsaw has teeth 
designed for cutting with the wood grain (ripping) 
and the teeth of the crosscut saw are designed 
for cutting across the wood grain (crosscutting). 

Figure 3-33 iUustrates the two different 
blade shapes of handsaws (skew back and 
straight back) and identifies their various parts. 
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Figure 3-31. — Using a surface gage and surface plate to lay out a centsrline. 



28.25(68) 



scRmni 



STUDS - 




FACE 



SKEWBACX 



TOE I. 




HANDLE 



NUMBER OF POIMTS 



Figure 3-32.— A mouse. 



68.7 



29.15(68C)AX 
Figure 3-33. — Handsaw. 
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The SKEW BACKSAW has a slight curve 
.oward the top of the blade. This gives the saw 
greater flexibility over the STRAIGHT BACK- 
SAW and makes it possible to cut slight curves 
with the toe end of the blade. 

Special note should be taken of the numljer 
stamped near the heel of the blada. This tells 
you how many teeth per inch(poin*s) are contained 
in the saw blade. 

The blades of handsaws are mude of spring 
steel that have been specially tempered so that 
they will retain their shape and cutting edge 
and still be easily sharpened and set. The cutting 
edge of the blade is usually thicker than the 
back edge. This gives additional strength to 
the cutting edge while giving clearance to the 
rest of the saw blade. 

Handsaws vary in length from 20 to 28 
inches. The most common length being 26 inches. 
The blade length and numljer of teeth per inch 
identify the size of the saw. For instance, a 
ripsaw may be identified as a 5 point 24. This 
tells you that the saw has 5 points (teeth) per 
inch and is 24 inches long. 

Ripsaws 

The teeth of a ripsaw are shaped like small 
chisels and are slanted at an angle of 8" (fig. 
3-34A) so that the wood fibers can be ripped 
as well as cut. Figure 3-35 illustrates the 
cutting action of the ripsaw. 

A ripsaw will normally have from 4 to 8 
points. The 8 point saw is used for thin stock. 
As the stock thickness increases, use a coarser 
saw (less points). The most cdmmon ripsaws 
have* 5 1/2 or 6 points. 

Listed below are some pointers on using 
the ripsaw. 

1. Select the proper saw and layout the 
guide lines on the stock. 

2. Support the stock so that it will not 
rock or teeter making certain that there is enough 
height to allow for the saw stroke. 

3. Hold the saw so that it is in line with 
your shoulder and also the guide line (fig. 3-36). 

4. Place the heel of the saw alongside 
the guide mark on the waste side, holding the 
saw at about a 60" angle (fig. 3-37). 

NOTE: If the saw does not cut smoothly 
on the downstrokc, decrease the angle until the 
saw cuts smoothly. 




A SELECTED VIEWS OF RIPSAW fETH 



TIP" "fci jy %\ 




B SELECTED VIEWS OF CROSSCUT TEETH 

29.15(68C)BX 

Figure 3-34. — Ripsaw and crosscut saw teeth. 




CUTTING SEQUENCE OF RIPSAW TEETH 





FRONT VIEW 
OF CUTTING ACTION 



PICTORIAL VIEW 
OF CUTTING ACTION 



29.15(680 )CX 
Figure 3-35.— Cutting action of a ripsaw. 
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29.15(68C)D 
Figure 3-36. — Using the crosscut handsaw. 




lengthen the stroke keeping a light, even pres- 
sure on the saw. The toe of the saw should be 
about 3 inches below the stock at the end of the 
upward stroke. If it is imlled back further, the 
saw is apt to buckle on the downstroke. 

CAUTION: Do not force the saiw. If you 
force the Piw, it is apt to buckle. If you force 
the saw when starting the out, it may Jump out 
of the kerf and cut your thumb. 

9. As the saw cut nears completion, shorten 
the stroke and support the waste stock with your 
tree hand. 

10. If the saw binds on long cuts, place a 
wedge in the saw kerf to hold it open. 

Crosscut Saws 

The teeth of a crosscut saw are knife shaped 
(fig. 3-34B), to produce a scoring and cutting 
action across the grain on either the up or down 
stroke with about 75 percent of the action being 
done on the downstroke. The cutting action of 
a crosscut saw is Illustrated In figure 3-38. 

Crosscut saws normally range from 6 to 
14 points. The most common crosscut saws 
have 8 to 10 points. 

As is the case with ripsaws, the coarser 
saw is designed for heavier material while the 
finer the saw, (more points) the smoother the cut 
wUl be. 




CUTTING SEQUENCE OF CROSSCUT TEETH 



29.15(68C)EX 
Figure 3-37. — Sawing with a ripsaw. 

5. Place the thumb of your free hand against 
the side of the blade and above the teeth as 
a guide (fig. 3-36). 

6. Draw the saw lightly toward you until a 
saw kerf (cut) has been formed. 

7. Gently push the saw down and deepen 
the kerf. 

8. Use short, gentle strokes until the saw 
Is well started. As the saw kerf deepens. 
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KHONT VIEW 
OF CUTTINQ ACTION 




PICTORIAL VIEW 
OF CUTTINO ACTION 



„ « 29.15(68C)FX 
figure 3-38.— Cutting action of a crosscut saw. 



48 



ERIC 



Chapter 3 -PATTERNMAKER HANDTOOLS 



The cutting procedure for the crosscut saw 
is the same as for the ripsaw except that the 
saw is held at about a 45° angle (fig. 3-39). 

Backsaw 

The backsaw (fig. 3-40) is usually a thin, 
crosscut type saw having from 10 to 14 points 
and used for precision cutting such as in pattern 
joinery and miter cutting. The blade has a 
reinforced back for rigidity and is made in 
8 to 26 inch lengths. The longer hacksaws are 
sometimes called miter saws. 

The backsaw is designed to make smooth, 
finish cuts. Therefore, the cut must be made to 
the guide Une. 




29.20(68C)AX 
Figure 3-39.— Sawing with a crosscut saw. 

METAL REINFORCING 
STRIP- 




When starting the cut with a backsaw, angle 
the saw slightly (fig. 3-41) and as the cut 
progresses, gradually decrease the angle until 
you are jutting parallel to the face of the stock 
as in figure 3-42. 

Dovetail Saw 

The dovetail saw (fig. 3-43A) is a type of 
backsaw used for very fine, smooth work where 
a backsaw would not be practical. The blade 
is very thin and ranges in length from 6 to 10 
inches. 

Patternmaker's Saw 

The Patternmaker's saw (fig. 3-43 B) is also 
designed for very fine, smooth cutting. It Is 
usually 7 1/2 Inches long and normally has 14 
points. Because of Its size and shape, the 
Patternmaker's saw can be used In small, "^ard 




29.20(68C)CX 
Figure 3-41.— Starting the cut. 




BENCH HOOK 
OR 

SCRAP BOARD 



Figure 3-40. — Backsaw. 



29.20(68C)B 



29.20(68C)DX 
Figure 3-42.— Using the backsaw. 
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to get at areas where xnust saws couldn^t be 
used. 

C oping Saw 

The coping saw (fig. 3-44) is used for making 
Very fine, irregular cuts on thin material and 
for forming; the end cuts (joints) on moldings. 

The coping saw consists of a spring steel 
framo, two slotted pawls for holding the blade, 
two lugs for turning the blade, and a wooden 
handle into which Uie rear pawl is threaded for 
tensioning Ihe bladu. 

I'nere are both flat and spiral blades made 
^or the copinc saw. The spiral blade is similar 
to a round rasp which allows you to cut in any 
direction without turning the saw frame. The 
normal flat blade requires you to turn the 
frame or blade in order to follow an irregular 
lino. 



niiumnHiiuiinmniHMmTn 









A. DOVETAIL SAW 




B. PATTERNMAKERS SAW 

29.20(68C)£ 

Figure 3-43. —Dovetail and Patternmaker saws. 



The blade is normally inserted into the 
frame with the teeth pointing away from the 
handle • However, some cuts are best made with 
the teeth pointing toward the handle. Wiien in- 
serting the blade, sufficient tension should be 
applied so that the blade will not buckle under 
normal cutting conditions. 

The best method for learning to put accurately 
with the coping saw is by practicing on scrap 
stock. The coping saw requires a great deal of 
skill and, when used by a skilled craftsmjxn, 
can be a very accurate cutting tool* 

Safety Precautions 
and Maintenance 

1. Select the right saw for the job. Don^t 
use a ripsaw for crosscutting or visa versa, 
etc. 

2. Never force a saw. If a saw binds in the 
cut and then is forced through the wood> a 
kink is almost certain to result. A kinked saw 
is useless. Use a wedge to hold the saw kerf 
open. 

3. Make certain that nails, staples, and other 
foreign objects are removed from the wood 
before it is sawed. 

4. Be sure that the piece to be cut is well 
supported or secured. 

5. Ensure that the material to be cut is 
supported high enough to allow for the full 
stroke of the saw without striking the floor 
or other object. 

6. Do not leave saws laying around or stored 
loose in a tool box. When the saw is not in 
use, stow it away by either hanging It by the 
handle or in notches with the cutting edge up. 

7. Keep all saws clean and froe of rust by 
lightly oiling or by waxing the blade. 



LUGS 



FRAME 




Figure 3-44. — Coping saw. 



29.21 



WOOD CHISELS 

A wood chisel is a steel tool fitted with a 
wooden or plastic handle. It has a single beveled 
cutting edge on the end of the steel part, or 
blade. According to their construction, chisels 
may be divided into two general classes: TANG 
chisels and SOCKET chisels (fig. 3-46). 

The SOCKET CLASS has the blade and 
handle socket forged from onfi piece of high 
carbon steel and is usually used for heavy work 
where a great deal of force Ip required. One 
end of a wooden or plastic handlo is tapered 
to fit into the socket which allows you to use a 
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ir THE SmANK of TmE CmSEu SlUOe UKE Aaj(».T>C 
M«NC».E WLU Fit UTO it this S called » SOCKET CMlSEL 

29.9B 

Figure 3-45. — Tang and socket wood chisels. 
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} 25* THICK FRAMING 




wooden, plastic, or leather maUet for striking. 
Never use a hammer for striking as this will 
tend to mushroom the handle. 

The TANG CLASS is also forged in one piece, 
but the handle is drilled and the tang inserted 
into the handle and reinforced with a ferrule 
or metal band. Tang class chisels are usually 
lighter and have thinner blades than the socket 
class and are to be used with hand pressure only. 

Types of Wood Chisels 

Wood chisels are also ^divided Into types 
which are determined by their weight and thick- 
ness, the shape or design of the blade (fig. 3-46), 
and the work they are Intended to do. There are 
numerous types designed for a wide variety of 
individual carving or cutting applications, but 
the most common types used by the Pattern- 
maker are the FIRMER, BUTT, and PARING 
CHISELS (fig. 3-47). 

The firmer chisel blade has a strong, rec- 
tangular or beveled cross section and is used 
for medium as well as Ught duty work. It is 
available in either the socket or tang class 
and Is preferred by some Patternmakers. 

The butt chisel is similar to the firmer 
chisel, but has a short blade designed for work 
in bard to get at places. 

The most widely used chisel and the one 
preferred by most Patternmakers, is the paring 
chisel. Its blade Is relatively thlu and Is available 
in either rectangular or beveled cioss section. 
However, the beveled cross section Is more 
widely preferred. 




BEVEL EDGE 




STRAIGHT EDGE 

29.9(68C)AX 
Figure 3-46.— Wood chisel blade shapes. 

The paring chisel is designed for light duty 
work and is available only with a tang. The 
handle may be straight or bent shank. The bent 
shank variety is preferred as it prevents the 
hand or handle from coming in contact with the 

The size of a chisel is determined by the 
width of the cutting edge and ranges from 1/8 
to 2 inches. 

Use of Wood Chisels 

When roughing in or removing excess stock, 
use the chisel with the bevel side down. For 
finishing and smoothing, the bevel side must be 
up (fig. 3-48). Whenever possible, the chisel 
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SOCKET FIRMER CHISEL 




TANG PARING CHISEL 



BUTT CHISEL 

29. 9C 

Figure 3-47. —Shapes of common types of wood 

chisels. 




ROUGHING FINISHING 



29.9(68C)B 
Figure 3-48. — Chisel positions. 



should be moved laterally as it is moved for- 
ward. This produces a shearing or slicing effect 
which, with care» will produce a smooth and true 
surface even when cutting crossgrain. 

Before making a finish cut, remove the 
excess material to within 1/16 inch of the 
finish dimension Mrlth a socket class chisel, 
saw, or other appropriate machine or tool. 

The following are basic cuts and the methods 
of carving them with a wood chisel. 

To cut horizontally with the grain, grasp 
the chisel handle in one hand with the thumb 
extended towards the blade (fig. 3-49). The 
cut is controlled by holding the blade firmly 
with the other hand, knuckles up and the hand 
well back of the cutting edge. The hand on the 
chisel handle is used to force the chisel into 
the wood. The other hand pressing downward 
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on the chisel blade regulates the length «uid depth 
of the cut. The chisel will cut more easily and 
leaves a smoother surface when the cutting edga 
is held slightly diagonal to the direction of the 
cut, or is given a slight lateral sUding motion 
(fig. 3-50). This is done by holding the tool at 
a slight angle and moving it to one side as it 
is pushed forward, or by moving it slightly from 
left to right at the same time you push it forward. 
With cross-grained wood, it is necessary to 
work from both directions to avoid splitting the 
wood at the edges. Do not hurry. Cut only fine 
shavings. If thick shavings are cut, the tool may 
dig in and split o^ a piece of wood which was 
never intended to be removed. 

In cutting horizontally across the grain, the 
work must be held securely, as with a vise, 
clamp or jig. Most of the waste wood is re- 
moved by the chisel with the bevel held down. 
To avoid splitting at the edges, cut from each 
edge to the center and slightly upward so that the 
waste wood at the center is removed last (fig. 




29.20(68C)FX 
Figure 3-49.— Hand positions. 




RIGHT WRONQ 



29.9 

Figure 3-50.— Cutting techniques. 



Chapter 3 -PATTERNMAKER HANDTOOLS 



3-51). Finishing cuts are made with the flat 
side of the chisel down. Never use a mallet 
when making finishing cuts, even on large work. 
One hand pressure is all that Is necessary to 
drive the chisel which is guided by the thumb 
and forefinger of the other hand. Finish cuts 
should also be made from each edge toward the 
center. Do not cut all the way across from one 
e<^ to another or the far edge may become 
split. 

To cut diagonally across the grain, (fig. 
3-52) as much waste wood as possible is first 
removed with a saw. Clamp the work in a vise 
with the guideline horizontal. Use the chisel 
as in cutting horizontally with the grain. It is 
necessary to chisel with the grain and to hold 
the chisel so that the cutting edge is slightly 
diagonal to the direction of the cut. 

To cut a round corner on the end of a piece 
of wood, first lay out the work and remove 
as much waste as possible with a saw (fig. 
3-53A). Use the chisel with the bevel side 
down to make a series of straight cuts tangent 
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FO« HOUOHING CUT 
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MAKE 
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HAIFWAY FROM EACH EDGE TOWARD CENTER 



29 .9D 

Figure 3-51.— Chiseling horizontally across the 

grain. 



BEVEL DOWN 
FOR ROUGHING 



BEVEL UP 
FOR SMOOTHING 




29 .9E 

Figure 3-52.— Chiseling diagonally across grain. 

to the curve. Move the chisel sideways across 
the work as it is moved forward. Finish the 
curve by paring with the bevel side up. Convex 
curves are cut in the same manner as a roimd 
corner. 

To cut a concave curve, remove most of 
the waste wood with a handsaw or coping saw. 
Smooth and finish the curve by chiseUng with 
the grain holding the chisel with the bevel side 
down (fig. 3-53B). Use one hand to hold the 
chisel against the work, press ^wra. on the 
chisel with the other hand, and, at the same 
time, draw back on the handle to drive the 
cutting edge in a sweeping curve. Care must 
be used to take only ll{^t outs or the work may 
become damage. 

Vertical chiseling means cutting at right 
angles to the surface of a horizontal piece of 
wood. It is used on ends and edges as well as 
for forming recesses and depressions such as 
the mortise. 

Before chiseling, remove as much excess 
material as possible with a saw, drill, or other 
appropriate machine or handtool, then grasp 
the chisel handle in one (.and with the thumb 
pressing down on the top of the handle as shown 
in figure 3-54. Using the other hand as a guide, 
start a light cut using a shearing motion. A 
Ught out producing thin shavings will result 
in a smooth and true surface. 
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29.9G 

Figure 3-53.— Chiseling corners and curves. 



GOUGES 

A gouge is a chisel with a circular cross 
section. It is used when hollow or concave 
surfaces are to be carved* They are classed 
the same as chisels^ tang and socket^ and are 
available in a wide variety of types. However^ 
the types generally found in Navy pattern shops 
are the PARING AND FIRMER GOUGES. 

The paring gouge (fig. 3-55) is a companion 
to the paring chisel. It is ground or beveled 
on the inside face of the blade and is designed 
for fine, finish work. It is available only as a 
tang class and m^iy have either straight or 
bent shank haiKlles* The bent shank paring gouge 
is excellent for finishing half round core boxes* 



The firmer gouge (fig. 
to the firmer chisel. It is 
face of the blade and is 
work that cannot be done 
Like the firmer chisel, 
either a tang or socket. 



3<-56) is a companion 
ground on the outside 
used for the heavier 
with a paring gouge, 
it is available with 



The principles of using a gouge « the 
same as those of the chisel except that the 
shearing cut is produced by slightly revolving 
the gouge instead of sliding the tool diagonally. 




INSIDE GROUND 





29.9(68C)CX 
Figure 3-55.— Bent shank paring gouge. 




OUTSIDE 6R0UN0 




« „ 29.9H 29.9(68C)DX 

Figure 3-54. — Vertical chiseling. Figure 3-56. — Firmer gouge. 
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Gouges are made in sizes ranging from 1/8 
to 2 inches. These sizes are specified by the 
manufacturer. Gouges are also available in three 
different SWEEPS; FULL, MIDDLE, and FLAT 
(fig. 3-57). 

The method of determining gouge sizes and 
sweeps can be very confusing so read the fol- 
lowing carefully. 

a full sweep gouge with 
inch will cut a hole having 
middle sweep gouge having 
inch will cut a hole having 
a flat sweep gouge having 
inch will cut a hole having 



Relative to size, 
a specified size of 1 
a 1/2 inch radius. A 
a specified size of 1 
a 1 inch rnHius, and 
a specified size of 1 
a 3-1/2 inch radius. 



FLAT 



MIDDLE 



FULL 



29.9(68C)EX 
Figure 3-57. — Sweeps of gouges. 



Sweep, as applied to full and middle sweep 
gouges, refers to the radius of the circle in 
which the cutting edge is formed in relation 
to the specified size. 

Sweep, as appUed to flat sweep gouges, is 
established by the manufacturer, apparently, 
with no relation between sweep or size. 

The cutting edge of a full sweep gouge roughly 
forms a half circle, thus the diameter (2 x 
radius) of the gouge would be equal to the 
specified size of the gouge. Since, in this case, 
sweep and radius mean the same thing, the sweep 
of a full sweep gouge whose specified size is 
1 inch, would be 1/2 inch. 

The cutting edge of a middle sweep gouge 
roughly forms 1/4 of a circle. The sweep and 
specified size are equal. A middle sweep gouge 
with a specified size of 1 inch will have a 
sweep (radius) of 1 inch. Table 3-1 illustrates 
the curvatures of full, middle, and flat sweeps 
for the various gouge sizes. 



Table 3-1.— Gouge Sizes and Sweeps 



FULL SWEEP MIDDLE SWEEP PLAT SWEEP 




29.9(68C)F 
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HAND CARVING CHISELS 
AND GOUGES 

There are numerous hand carving chisels 
and gouges which are available as sets or 
separately. They are made in a wide variety 
of shapes, sizes, and lengths. The principles 
of their use are the same as for wood chisels 
and gouges. A few of the more popular hand 
carving chisels and gouges are shown in figure 
3-58. 

HAND BRACE 

The hand brace, figure 3-59, is a tool designed 
to turn and guide any of the wood boring tools 
or special bits which havg^iji square tang or 
flats ground on their shank. 

Althou^^ the hand brace has been largely 
replaced by the portable driU, it is still the 
best tool for very accurate wood boring and 
counterhorlng. 

The type of brace normally found in Navy 
shops is the RATCHET BRACE. It includes 



BOX 
RATCHET 



rRATCHETENO,i«n 




SHELL- 



44.20(68C)AX 
Figure 3-59. —Hand brace. 



a ratchet device (fig. 3-59) which makes possible 
its use in close, confined spaces where there 
is not enough room to make a full turn (sweep) 
of the handle. The ratchet may be locked or 
mtide to turn in either direction. 

The size of the brace is determined by the 
sweep of the handle, figure 3-59. Sweep is 
the diameter of the circle the handle makes 
when it is revolved. The most common size 




CARVING GOUGES 



CARVING GOUGES 



STRAIGHT GOUGE 




FRONT BENT GOUGE 




STRAIGHT GOUGE 



Figure 3-58.— Hand carving tools. 
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brace is i J Inches. However, the 8 Inch brace 
is best suited for pattern shop use. 

There are two types of chucks made for tte 
brace. The preferred type has a square driving 
socket at the bottom of the chuck as shown 
in figure 3-60. The end of the bit tang must 
be inserted into this socket as with this type 
of chuck, the jaws serve to support and hold 
the bit In center while the turning force is 
transmitted by the socket. 

The second type of chuck has no driving 
socket. Therefore, the jaws must also transmit 
the turning force to the bit. With this type chuck, 
care must be taken to seat the corners of the 
bit tang Into the "V" grooves of the chuck 
jaws. 



HAND DRILL 

Because It Is small and ll^it, the hand drill 
is one of the most useful tools In the Pattern- 
maker's tool chest. It Is designed to use either 
twist drills or drill points for boring small 
holes at fairly hi^ speed. 

The hand drill has a three-jawed, hand- 
tightened chuck (fig. 3-61) which will accom- 
modate strain shanked *>its ranging from 1/16 
to 3/8 Inches in diameter. Some hand drills 
have a hollow handle with a removable top for 
storing small drill bits or a set of drill points. 




V-6R00VES 




m 



DRIVING SOCKET 



44.20G 



Figure 3-60. — Hand brace chuck. 



The hand drill Is especially useful for 
counterborlng and countersinking In softwoods. 

WOOD BORING BITS 
AND DRILLS 

The wood boring bits and drills usually found 
in the pattern shop are shown In figure 3-62. 
Included are the AUGER BIT, EXPANSIVE 
BIT, MACHINE SPUR BIT, MULTI-SPUR BIT, 
FORSTNER BIT, and TWIST DRILL. 



CRANK HANDLE 



3 JAWEO CHUCK 



RATCHET WHEEL 




SHAFT HANDLE 

1 




4.34 



Figure 3-61.— Hand drill. 
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A. AUGER BIT 




B. EXPANSION BIT 



Cutting eoQE 
or UP 




bCR£W 
POINT 

CUTTING EDGE 
OF LIP 

SPUR OR NIB 



PARTS OF THE HEAD 



HEAD 




SOLID CENTER 



TANG' 



44.20(68C)CX 
Figure 3-63. — Parts of an auger bit. 



C TWIST DRILL 



D. FORSTNER BIT 




COARSE (fast; 



MEDIUM 



FINE (SLOW) 






44.20(68C)DX 
Figure 3-64. — Tjgjes of screw points. 



E. MACHINESPURBIT 



F. MULTI-SPUR BIT 




44.20(68C)B 
Figure 3-62.— Wood boring bits and drills. 



Auger Bite 

The auger bit Is the most common of the 
wood boring bits and Is designed for use with 
the hand brace. Basically, it consists of three 
parts; the head, twist, and shank as shown in 
figure 3-63. 



The SCREW POINT functions to center the 
bit and also to pull the bit through the stock. 
There are three types of screw points made; 
coarse, medium, and fine as shown in figure 
3-64. The bit will be drawn through the stock 
faster by a coarse screw point than a fine one. 
However, more roughness will result firom the 
faster cut. 

The SPURS function to score the outer edge 
of the chip as the cutting Ups chisel or cut 
the waste material loose. It is Important that 
the spurs and cutting lips be sharp in order to 
produce a smooth hole. 

The TWIST of the auger bit is responsible 
for removing waste material after it has been 
cut loose by the spurs and cutting lips and is 
usually slightly snoaller in diameter than the 
head. The twist is made in three styles; SINGLE 
TWIST, SINGLE TWIST WITH SOLID CENTER, 
and DOUBLE IWIST as shown in figure 3-65. 

The single twist has less tendency to bind 
in certain materials but is more fragile than 
the single twist with solid center and can easily 
be broken. 
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Single twist souio center 




OOUBUE TWIST 



44.20(68C)EX 

Figure 3-65. — Types of twist. 



The single twist with solid center clears 
chips mure rapidly, is stronger, and more 
commonly used than the single or double twist. 

The double twist bit bores more slowly 
than either of the others. However, it produces 
a ver> clean, smooth, and more accurate hole 
and is the most suitable of the three to bore 
holes for wooden dowels. 

The SHANK is that part of the auger bit 
which fits into the chuck of the brace. It contains 
a square-tapered tang which has the drill size 
number stamped into one of the flats. This 
numlier represents the drill size in sixteenths 
of an inch (fig. 3-66). For instance, if the 
number stamiied on the flat is 12,. the drill 
size is 12/16 inch or 3/4 inch. NOTE: All bits 
having a tang type shank will be numbered and 
sized in this manner. 

Auger bits usually come In sets containing 
1/4 inch (#2) to 1 inch (#16) bits. However, 
auger bits are made up to 2 inches (#32) in 
diameter. 

Many different lengths of auger bits are 
available but are generally made in three sizes 
which have corresponding names. The DOWEL 
BIT is about 5 inches long, the MEDIUM BIT 
about 8 inches long, and the SHIP BIT is from 
18 to 24 inches long. 

The "medium bit" is the length most 
commonly used. 

Expansion Bit 

Another bit designed for use with the brace 
is the expansion or expansive bit shown in 
figure 3-62B. This bit is designed for boring 
holes larger than 7/8 inch in diameter. 

The expansion bit is composed of a screw 
point, body cutting edge, and usually, three 
adjustable cutter blades which permit the boring 
of holes up to 4 inches in diameter. 




SQUARE 

TAN6 J 



3"/ _SiOOH7 1 i. 

44.20F 

Figure 3-66. — Size markings on auger bits. 

The adjustable cutter blade is usually adjusted 
by either a mocrodial (fig. 3-67) or a simple 
screw arrangement. 

After an expansion bit has been adjusted 
and the cutter blade locked in place, it is good 
practice to make a trial cut on scrap stock 
to ensure that the bit is cutting the exact 
diameter desired. 

Twist Drills 

Twist drills (fig. 3-62C) are normally \ised 
by the Patternmaker for boring small holes 1/2 
inch in diameter and under. They can be used 
with the drill press and portable drill motors 
as well as most of the hand drills and braces. 

The twist drill is usually made of high carbon 
steel or high sp<^ steel. The carbon steel drill 
is for low speed metal boring or high speed 
wood boring and the high speed steel drill is 
for high speed boring of metals. 

Twist drills are sharpened at various angles 
for boring difiterent materials. The two most 
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44.21A 

Figure 3-67.— Expansive bit. 



common angles are the REGULAR POINT (fig. 
3-68) and FLAT POINT (fig. 3-69). 

The regular point has an angle of 118** and 
Is used for general purpose borlngwhich includes 
wood. 

The flat point has an angle of 135** and is 
used for boring hard and tough materials. 

Twist drills are made with various type 
shanks. The most common and the type used in 
most Navy pattern shops is the carbon steel 
drill with a straight shank. 

With the exception of the bit stock drill, 
twist drills are sized in one of three different 
ways: by fraction, number, or letter. 

Fraction designators denote the actual 
fractional size of the drill. Fractional sets of 
drills ranging in size from 1/16 to 1/2 inch are 
commonly used in the pattern shop. 

Number and letter designators merely identify 
the particular drill. A drill gage or reference 
chart (Table 3-2) must be used to obtain the 
actual size of the drill. Number drills range 
in size from #: (.338") throu^ #80 (.0138") 
and lettered sizes range from "A" (.234") 
through "Z" (.413"). Note that the letter sizes 
are larger and start where the number sizes 
stop. 



DRILL POINT LIP CHISEL EDGE 

ANGLE CLEARANCE ANGLE 

ANGLE 



CUTTIMO UP 




44.20S 

Figure 3-68. — Specifications for grijuling a 
regular point twist drill. 



LIP 

DRILL POINT CLEARANCE CHISEL EDGE 
ANGLE ANGLE ANGLE 




44.20T 

Figure 3-69.— Specifications for grinding a flat 
point twist drill. 



Forstner Bit 

The forstner bit (fig. 3-62D) is designed 
for boring flat bottomed holes partway through 
the stock. It is not meant for boring completely 
through stock (fig. 3-70). 

The forstner bit is composed of a circular 
steel rim, two cutting lips, and a shank. 

The circular steel cutting rim is beveled 
from the inside to form a sharp edge. Special 
care must be taken not to damage this edge 
as it cannot be resharpened. 

The cutting lips of the forstner bit serve 
the same purpose as do those of the auger bit. 
However, there is no twist to carry the waste 
stock out of the hole. Therefore, if a deep 
hole is to be bored, the bit must be drawn out 
of the hole frequently to remove the waste 
stock. 

The forstner bit is made with or without 
a tang and can be used in a drill press if a 
slow turning speed Is employed. 
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Table 3-2. — Twist Drill Sizes 



Site 



V... 

%.. 

u... 

? 

s.. 



8 

L 

t 



I: 



H . 

F 
D 



alctitt I' 



0.5000 

.4687 
.4531 
.4375 
.4219 
.4130 
.4062 
.4040 
.:.970 
.3906 
.3860 
.3770 ! 
.3750 
.3680 
.3594 , 
.3580 |< 
.3480 
.3437 
.3390 
.3320 
.3281 
.3230 
.3160 
.3125 
.3020 
.2969 
.2950 
.2900 
.2812 
.2810 
.2770 
.2720 
.2660 
.2656 
.2610 
.2570 
.2500 
.2460 



C 

B 

tt 

.V 

No.l 



8 
9 
10 
11 

12 

t 

4 

5 

16 
17 



19 

20 

21.. 

22 

k 

24. 
25 
26 
27 



29 



Decimal equiv- 
atcht* 



Siw 



0.242O 
.2380 
.2344 
.2340 
.2280 
.2210 
.2187 
.2130 
.2090 
.2055 
.2040 
.2031 
.2010 
.1990 
.1960 
.1935 
.1910 
.1890 
.1875 
.1850 
.1820 
.1800 
.1770 
.1730 
.1719 
.1695 
.1660 
.1610 
.1590 
.1570 
.1562 
.1540 
.1520 
.1495 
.1470 
.1440 
.1406 
.1405 
.1360 



30 . 

H.. 

31.. 

32.. 

33 

34. 

35. 

S: 

37. 
38. 
39. 
40 
41 . 



42. 

43 

44 

45. 

46. 

47 



49 
50 
51 . 
52.. 

54. 
55.. 



57 

!». 
59. 
60 



Decimal 



0.1285 
.1250 
.1200 
.1160 
.1130 
.1110 
.1100 
.1094 
.1065 
.1040 
.lOiS 
.0995 
.0980 
.0960 
.0937 
.0935 
.0890 
.0860 
.0820 
.0810 
.0785 
.0781 
.0760 
.0730 
.0700 
.0670 
.0635 
.0625 
.0595 
.0550 
.0520 
.0469 
.0465 
.0430 
.0420 
.0410 
.0400 



44.204 



AUGER FORSTNER 




44.20(68C)GX 

Figure 3-70. —Comparison of foratner to auger 

bit hole. 



The foratner bit ranges in size from 1/4 
to 2 inches in diameter and if it is a tang 
it will be numbered the same way as an 
auger bit. If it is a straight shanked bit, it 
will have the fractional size stamped into the 
surface of the shank. 

Since the forstner bit has no screw point 
or centering point, the exact size of the hole 
must be scribed with a set of dividers and 
the rim of the bit pressed into the scribed 
impression. 

Machine Spur Bit 

The machine spur bit (fig. 3-62E) may only 
be used in a drill press. It is a high speed. 
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smooth cutting bit used for boring deep, flat 
bottomed holes Into stock. It Is a more efficient 
bit than fhe forstner bit as It has a centering 
point and a twist to remove waste material* 
The machine spur bit Is made In sizes 
ranging from 1/8 to 1/2 Inch In diameter. 



Multl-Spur Bit 



The multi-spur bit (fig. 3-62 F) may also 
only be used In a drill press. It is designed 
to bore larger flat bottomed holes than the 
machine spur bit and ranges in size from 1/2 
to 4 Inches In diameter. 

NOTE: As bit sizes are Increased, drill press 
speed must be decreased. 



Countersinks 



Combination Countersinks 
and Counterbores 

There are many types of combination counter- 
sinks and counterbores. However, they all have 
the samo function and save a lot of time. 

A combination countersink Is Illustrated in 
figure 3-72. It makes the pUot hole, shank 
clearance, and countersink In one operation 
for a variety of wood screw sizes ranging 
from 1/2 Inch X #5 to 2 Inch X #i2. 

Combination counterbores (fig. 3-73) perform 
the same tasks as the combination couiiterslnk 
plus boring a plug hole for wooden plugs. They 
are made for screw sizes ranging from 1 inch 
X #8 to 2 inch X #18. 

The size of both the combination countersink 
and ccunterbore Is determined by the particular 
size of wood screw it is designed to accom- 
modate. They are both designed for use with 
the hand drill, portable electric drill, and drill 
press. 



The countersink is used, after a hole has 
been bored, to form a seat for the head of a 
flat headed wood screw. 

Three types are shown in figure 3-71. Type 
"A** is made for the hand brace. Types • 
and ''C'^ are used in either the hand drill, 
portable electric drill, or drill press. Although 
type ••B^* cuts more rapidly, it also produces 
a rough surface. Type produces a very 

smooth seat and is the best type to use for 
pattern work. 



DRILLS TO 
CORRECT DEPTH 




COUNTERSINK 



SHANK 
CLEARANCE 

PILOT HOLE 






B 




Figure 3-72.- 



PLue 



28.59(68C)AX 
Combination countersink. 




DRILLS TO 
CORRECT DEPTH 



PLUG HOLE 

COUNTERSINK 

SHANK 
CLEARANCE 

PILOT HOLE 




Figure 3-71. — Types of countersinks. 



28.59 28,59(68C)BX 
Figure 3-73.— Combination counter bore. 
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Plug Cutters 

Plug cutters (fig. 3-74) are used to cut 
wooden plugs for placing in counterbored holes 
to conceal the heads of screws and to keep the 
pattern surface uniform. They can only be used 
with low speed portable drills or a low speed 
drill press. 

Plug cutters range in standard sizes from 
3/8 to 1 inch in diameter and will usually cut 
end-grain plugs up to 2 inches long and cross 
grain plugs up to 1 inch long. 

Screwdriver Bits 

Screwdriver bits are made with either the 
REGULAR or PHILLIPS POINT for use with the 
hand brace (tang shank) or variable speed portable 
electric drill (straight shank) as shown in figure 
3-75. 

The regular point bits have tips which range 
in size from 3/16 to 1/2 inch and the philUps 
type is made in numl)er 1, 2, and 3 point sizes. 

Screwdriver bits can be great time savers, 
but special care must be taken not to twist oU 
the head of the screw. 



Drill Points 



of 1/64 inches. They are designed for Ught 
duty wood boring in soft textured woods and are 
used with the hand drill or push drill shown 
in figure 3-77. 

Drill points for push drills have a special 
shank while those designed for hand drills are 
straight shanked. 

The drill point is primarily suited for boring 
pilot holes for wood screws. 



PLANES 

Planes comprise another important category 
of cutting and carving tools. They are made 
in different forms for a variety of different 
jobs but are all basically tools tar smoothing 
or shaping the surface of wood. 

Planes may be classified into the following 
three categories: 

1. BENCH PLANES which contain the Jointer 
plane, fore plane, jack plane, and smooth plane. 

2. HAND PLANES which contain the block 
plane. 

3. SPECIAL PLANES, some of which are the 
rabbet plane, bullnose rabbet plane, sole plane, 
circular plane, "V" type core box plane, and 
the radial core box plane. 



Drill points (fig. 3-76) usually come in sets 
ranging from 1/16 to 11/64 inches in Increments 





44.117(68C)AX 
Figure 3-76.— Drill points. 




1.14(68C)AX 
Figure 3-76.— Screwdriver bits. 



44.116(68C)AX 
Figure 3-77.— Push drill. 
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Bench planes (fig. 3-78) are uised primarily 
for shaving and smiiothing with the grain of the 
wood to obtain a perfectly flat surface. 

The chief difference between them is in the 
length of the plane's sole (bottom). The longer 
the sole of the plane is, the more uniformly 
flat and true the planed surface will be. Conse- 
quently, the ohoosing of a suitable plane for 
a particular Job depends ou the length of the 
stock and the requirements for surface trueness. 

The JOINTER PLANE (fig. 3-78A) has a 
bottom from 22 to 24 inches in length and is 
used wheu the planed surface must meet the 
highest requirements for trueness. The bottom 
of the plane may be smooth or corrugated. 
The plane-iron is from 2 3/8 to 2 5/8 inches 
in width, and is ground at right angles to the 
edge. The proper shape for the jointer plane- 
iron is illustrated in figure 3-79. 

The FOREPLANE (ff^. 3-78B) has a bottom 
18 inches in length an I is sometimes called 
a GAGE or SHORT Jointer plane. The bottom 
of the plane may be smooth or corrugated. 
The plane iron is 2 3/8 inches in width and is 
ground to the shape illustrated in figure 3-79A. 

The JACK PIANE (fig. 3-78C) is the general 
"Jaok-of-all-wor^' of the bench plane category. 
It has a bottom from 14 to 15 inches in length 
with a plane-iron from 2 to 2 1/4 inches in 
width, ground to the shape iUustrated in figure 
3-79A. 

The SMOOTHING or SMOOTH PLANE (fig. 
3-78D} is a short, finely set plane of 7 to 10 
inches in length, used for smoothing and finishing 
flat work. It has a plane iron of 1 1/4 to 2 
inches in width, ground to the shape illustrated 
in figure d-79A. 

The principal parts of a bench plane and 
the manner In which they are assembled, are 
shown in figure 3-80. The part at the rear 
that you grasp to push the plane ahead is called 
the handle: the part at the front that you grasp 
to guide the plane along its course is called 
tte knob. The main body of the plane, consisting 
of the bottom, the sides, and the sloping part 
which carries the plane iron, is oaUed the frame. 
The bottom of the frame is called the sole, 
and the opening in the sole, through which the 
blade emerges, is called the mouth. The front 
end of the sole is called the toe; the rear end, 
the heel. 

A plaxi« iron cap, which is screwed to the 
upper Uoe of the plane iron, deflects the shaving 
upward through the mouth, as indicated in figure 
3-81C, and thus prevents the mouth i^om becoming 
choked with Jammed shavings. The edge of the 




A JOINTER PLANE 




B FORE PLANE 



•14" TO 15'- 



C JACK PLANE 




TO 10' 
D SMOOTH PLANE 



29.12(68C)AX 
Figure 3-78. —Bench planes. 
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29.12(68C)BX 

Figure 3-79.— Comparison of plane blades. 
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cap should fit the back of the iron as shown in 
figure 3«81A, not as shown in figure 3-81B. 
The lower end of the plane iron cap should be 
set back 1/32 inch from the edge of the plane 
top, as shown in figure 3- 81 A. The iron in a 
bench plane goes in bevel-down. 

The edge of the plane iron is brought into 
correct cutting position by the mimipulation of 
first the ADJUSTING NUT and next the LATERAL 
ADJUSTMENT LEVER, as shown in figures 
3-82 and 3-83. The adjusting nut moves the edge 
of the iron up or down: the lateral adjustment 
lever cants it to the right or left. To adjust 
the plane you hold it upside-down, sight along 
the sole from the toe, and work the adjusting 
nut until the edge of the blade appears. Then 




SIGHT ALONG HERE FRONT VIEW 




A B 



29.12C(68C) 
Figure 3-82. — Adjusting a plane for depth. 




29.12D 

Figure 3-83. — Effect of manipulation of the 
lateral adjustment lever. 



work the lateral adjustment lever until the edge 
of the blade is in perfect alignment with the 
sole, as shown in figures 3-82B and 3-83B. 
Then use the adjusting nut to give the blade the 
amount of protrusion you want. This amoimt 
will depend, of course, upon the depth of the 
cut you intend to make. 

Before using any plane, it is important to 
inspect the blade for damage. If the blade is 
free of damage, check it for sharpness by 
following the procedures listed below. 

1. Adjust the blade so that it projects slightly 
beyond the sole of the plane by sighting down 
the sole and turning the adjusting nut as in 
figure 3-82. 

2. Adjust the lateral adjustment lever until 
the corners of the blade project beyond the 
sole at the same distance. 

3. Clamp a piece of scrap stock into a vise 
so that its edge projects above the vise about 
2 inches. 

4. Make several successive strokes with the 
grain of the wood. 

If the plane is sharp and adjusted properly, 
a thin, curling shaving of equal thickness should 
be produced without having to force the plane. 

If a lot of force is required or the plane 
jumps, it is either dull or too deep a cut is beii^ 
taken. 

If the cut is rough and the wood surface 
is being torn or chipped out, it is probably 
because you are planing against the grain. 

If the plane will not make a thin cut, it is 
definitely dull and must be sharpened. 

CAUTION: Do not test the plane blade for 
sharpness by running yoxir thumb or finger 
over the blade. Even a dull plane blade will 
cut you. 

Another adjustment that should be made at 
this point is to the THROAT OPENING or 
MOUTH of the plane. This is accomplished by 
loosening the bed screws (fig. 3-84A) and turning 
the frog adjustment screw (fig. 3-84B). This 
adjustment controls the length that a shaving 
will run before breaking and has an effect on the 
smoothness of the out. 

A narrow throat opening will produce a 
shorter shaving and a smoother cut. If the 
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29.12(68C)CX 
Figure 3-84.— Adjusting throat. 



throat clogs with shavings, the throat opening 
should be widened. 

1. Select a suitable plane for the particular 
job. 

2. Check the material to ensure that it 
contains no nails, staples or other foreign 
material that would damage the plane blade. 

NOTE: Hardened glue will dull a plane 
blade rapidly. If you are planing a piece of 
glued-up stock, make sure that any glue residue 
is removed by scraping with an old plane blade 
or cutting under it with a wood chisel prior 
to planing. 

3. Check the grain direction. Always plane 
with the grain. 

4. Secure tlie stock to be planed so that 
it cannot move. 

5. Take a firm position in front of the stock 
with one foot placed ahead of the other for 
balance. 

6. Hold the plane with one hand on the handle 
and the other on the front knob. 

7. When beginning the stroke, bear down 
firmly on the front knob and. as the cut 
progresses, equalize the pressure on the knob 
and handle. When completing the stroke, Ughten 
the pressure on the knob and bear down on the 
handle (fig. 3-86). This will minimize the possi- 
bility of rounding over (dubbing the edges. 

8. Whenever possible, use a full stroke. 
That is, the full length of the stock. 



9. Even on wooden bench tops, always lay 
the plane on its side when it is not in use. 
This prevents the bb»de from being dulled by 
grit embedded in the bench top. 

NOTE: It is not a good idea to use a plane 
on stock that has been sandpapered. Particles 
of sanding grit will be embedded in the stock 
surface and this material will rapidly dull the 
plane blade. 

When planing face surfaces, it is usually 
better to first plane from corner to corner 
(diagonally) as shown in figure 3-86. Alternate 
by planing the complete surface from one diagonal 
and then planing from the opposing diagonal 
until the surface is flat or very close to the 
thickness desired. 

Test the surface for flatness frequently by 
using a straightedge in the positions shown in 
figure 3-87, making sure that the edge touches 
the stock surface at all points. If high spots 
are present, shade them with a pencil or chalk 
and plane them off. Make the final or finishing 
cut by planing from end to end (fig. 3-88) after 




29.12(68C)D 
Figure 3-85.— Pressure control on a plane. 



MAKE DIAGONAL CUTS 
WITH JACK PLANE 




29.12(68C)EX 

Figure 3-86. — Using a diagonal stroke for 
smoothing a surface. 
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68.201 

Figure 3-87. — Positions for using straightedge 
when checking surface flatness. 



adjusting the plane blade for a shallow cut and 
the throat for a smooth cut. 

The edge of stock is usually planed to obtain 
a perfectly straight surface 90" to the face of 
the stock. Therefore, it is important for the 
plane blade to be parallel to the plane's sole 
and for the plane to be held 90" to the face surface 
of the stock. This can be done by employing 
one of the methods shown in figure 3-89. 

A typical BLOCK PLANE is shown in figure 
3-90. It may or may not have the throat and 
lateral adjustment features shown. 

The block plane is primarily used for planing 
end grain and small pieces of stock. 

The block plane differs ttom bench planes 
in that it is designed to be held in one hand and, 
as shown in figure 3-91, the blade is set into 
tl» plane body at a much lower angle with the 
bevel up instead of down (fig. 3-79B). This 
makes possible the slicit^ cut needed to plane 
end grain. 

When planing end grain, care must be taken 
not to splinter or break off the ends. Some 
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Figure 3-88.— Using a straight stroke for finish- 
ing a surface. 
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Figure 3-90.— Block plane and nomenclature. 



APPLY PRESSURE HERE APPLY PRESSURE HERE 
AT START OF CUT AT END OF CUT 




USP OF A BLOCK TO 
KEEP SIDES SQUARE 
(END VIEW } 

GRIP WOOD SI RIP 
TIGHTLY TO PLANE 
SCALE AS GUID^ 



Figure 3-89. — Procedure for planing an edge. 
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of the methods of avoiding this are illustrated 
in figure 3-92. 

There are several different kinds of special 
planes used by Patternmakers. The ROUTER 
PLANE (fig. 3-93) has a cutting bit which can 
be adjusted to cut at different depths below 
the face of the stock. It is very useful in cutttng 
out recesses of depressions io a uniform depth 
and in smoothing the bottom of grooves. 

The CIRCULAR PLANE (fig. 3-94) has a 
flexible steel sole which may be adjusted to 
out a convex or concave arc such as the outer 
or inner surfaces of a wheel rim. 

The CURVED-SOLE PLANE (figs. 3-95 and 
3-96) is designed to plane curved surfaces. 
The plane is equipped with a series of inter- 
changeable soles of different degrees of curva- 
ture. Cutting irons jufe ground to a curved 
edge to match the particular sole being used. 
This type of plane nmy be easily made In the 
pattern shop. Construction details (a through f) 
are shown in figure 3-97. 



INDEX FINGER 
RESTS ON 
KNOB 



PAUM OF HAND RESTS ON 
UPPERMOST PARTS OFPLANE 




SIDES OF PLANE ARE ^ 
GRASPED BETWEEN THUMB 
AND 2ND AND 3RD FINGERS 



29.12(68C)HX 
Figure 3-91.— How to hold a block plane. 




44.110 

Figure 3-92.— Preventing splitting when planing 
the edge of stock. 




29.12(68C)KX 
Figure 3-93.— Router plane. 












Figure 3-94.- 



29.12(68B) 
-Circular plane. 



First remove the sole from an ordinary 
smooth plane and replace it with a hardwood 
base (a) about 12 to 14 inches long and 1/2 
inch thick. Note that three metal plates (b) 
are embedded in the base and are held in place 
by small screws. Cut an opening (c) in the 
base to provide a throat for the cutting blade. 
Drill a circular hole with a slot (d) at one end 
of each of the three metal plates. Make a number 
of soles the size of the wood base and with 
different degrees of curvature. Into each sole 
insert three screws (f) spaced to fit the center 
holes of the wooden base. AUow the heads of 
the screws to project a little above the surface 
of the sole. Pass the heads of the screws (f) 
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29.12(68C)L 
Figure 3-95. — Curved sole plane. 
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29.12(68)EX 
Figure 3-97.— Curved-sole plane. 




29.12(68C)M 
Figure 3-96. — Use of the curved-sole plane. 



through the holes in the wooden base (a) and pull 
the sole back toward the rear of the plane. This 
looks the heads of the screws firmly in the 
slots (d) and clamps the sole to the body of 
the plane. 

The RABBET PLANE (fig. 3-98) is sometimes 
referred to as the FILLISTER PLANE and is 
used for planing dadoes, rabbets, and laps. 
It differs from other planes in that the cutting 
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29.12(68C)NX 
Figure 3-98.— Rabbet planes. 
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Iron or blade extends completely across the face 
of the plane. 

A depth gage and a spur cutter are useful 
attachments. Some rabbet planes, equipped with 
convex soles, are useful for making wooden 
fillets and for planing small concave grooves. 

The SKEW-IRON RABBET PLANE has the 
cutting edge of plane-iron set on a diagonal 
across the face o* the plane and works more 
smoothly than one in which the iron is set at 
right angles to the side of the plane. 

Another of the many variations of the rabbet 
plane is the BULLNfDSE RABBET PLANE (fig. 
3-99). It is about 4 inches long and usually 
uses a 1 inch cutting blade set well forward 
in the plane. Becausa of its small size, it is 
ideal for working In close quarters and In 
corners. 

TheV-TYPE CORE BOX PLANE is designed 
to smooth the curved surfaces of semicircular 
core boxes. The sides of the plane are con- 
structed at right angles to each other. The point 
of the cutting blade is ground to an angle of 
90°. The construction features of the V-type 
core box plane are based on the geometrical 
proposition that any angle scribed within a 
semicircle will be a right angle. Thus when 
the sides of the plane rest on the top edges 
(b) and (c) as shown in figure 3-100, the cutting 
blade will always cut on the circimiference of 
the curved surface. 

The V-type core box plane is different from 
other planes in that it can be used either on 
the right-hand or left-hand side. This feature 
is useful when making long core boxes which 
cannot be reversed and in the making of long 
tapered core boxes where you have to plane with 




29.12(68C)P 
Figure 3-99. — Bullnose rabbet plane. 




29.12(68)CX 
Figure 3-100.— V-type core box plane. 



the grain of the wood. Although the V-type core 
box plane is designed for either rig^-hand or 
left-hand use, the cutting edge of the blade can 
be rounded over, thereby allowing slightly more 
ease in the setting of the blade. In cases where 
core boxes cannot be reversed, it is convenient 
to have two cutter blades, one with the left 
edge rounded over for left-hand planing and 
one with the right edge rounded over for ri^t- 
hand planii^. 

The plane is also designed for additional 
sides to be added for the planing of core boxes 
of larger diameters. These sides are called 
additional sections. Without these additional 
sections, the V-type core box plane is limited 
in the size of the box that can be out. With the 
additional sections added to the side of the plane, 
the range of the plane is increased to the 
cuttii^ of boxes \q> to five Inches in diameter. 
The additional sections are held in position with 
adjusting rods to hold the sides square and 
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firmly In position. Each additional pair of 
sections adiied to the plane increases the range 
of the plane by adding 2 1/2 inches to the 
diameter th&t can be cut. 

The only objection to this type of core box 
plane is that while it is being used for cutting 
the semicircular cavity in the pattern material, 
the corners of the semicircular cavity are 
worn off. However, this can be overcome by 
using hardwood strips tacked on the top surface 
of the pattern material along the core outline. 
Just outside the material to be cut. The hard- 
wood strips form rests for the sides of the 
plane only while the heavier part of the work 
is being done and mast be removed prior to 
making the finish cut. 

The RADIAL CORE BOX PLANE (fig. 3-101) 
is designed to make straight circular core 
boxes ranging from 3/4 inch to 6 inches in 
diameter. It is simple in design and once the 
proper adjustments are made, very little skill 



is necessary to produce an accurate semicircular 
core box. Due to the ease with which the radial 
core box plane can be used, it is frequently 
found in shipboard pattern shops. The radial 
core box plane is limited in that it cannot out 
tapered core boxes, and therefore It should 
not be considered as a substitute for the V-type 
core box plane. 

The radial core box plane, shown in figure 
3-101, is simply a rotating cutter attached to a 
ratchet mechanism swung between two parallel 
guides. The parallel guides fit the outside sur- 
face of the material to be cut. In the operation 
of the plane, the rotating cutter is brought into 
operation by pressing the handle in the direction 
of the cut to be made. The pressure on the 
handle causes the pawl to engage the ratchet 
which in turn revolves the cutter bit bar several 
degrees in a downward arc. The pressure on 
the handle is kept constant while the plane is 
pushed forward until one continuous cut is made 
the full length of the core box. The parallel 
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guides are of sufficient length to retain their 
poaltton on the outside of the core box after 
each cut is nu\de. At the completion of the 
forward cut, the pressure on the handle is 
released and the plane is drawn back to its 
original position. As the plane is drawn back, 
the ratchet pawl is released, so that any forward 
motion (pressure) on the handle wUl engage the 
ratchet, causing the cutter blade to rotate into 
position for another cut. Each cut is made the 
full length of the box until a true semicircular 
cavity is cut to the desired radius. 

The SPOKESHAVE shown in figure 3-102 
may be considered a small cransverse plane 
with end handles/* Spokeshaves are generally 
used for cutting and shaving surfaces that are 
irregular and uneven when a hand plane cannot 
be used. The spokeshave is m»\de in a variety 
of sizes and shapes with concave and convex 
bottoms. 

The CORNERING TOOL, shown in figure 
3-103, is used for rounding the corners of 
patterns. It is a flat, steel bar that is shaped 




68.8(68B) 

Figure 3-102. — Spokeshaves . 




68.9X 

Figure 3-103.— Corner rounding tool. 



and ground at each end to form elliptical 
cutting edge. The elliptical shape enables you to 
cut a limited depth in either direction, that is, 
when pushing the tool away from you or pulling 
it toward you. 

The MITER BOX (fig. 3-104) is a tool designed 
to hold and to guide a saw at a preset angle 
during sawii^ operations. It is adjustable so 
that cuts may be made at other angles as well 
as mlterlng on the 46* angle. The device Is 
especially useful in making various polygonal 
forms required in segmental pattern construction. 



FORCING AND HOLDING TOOLS 

The forcing and holding group of handtools, 
illustrated in figure 3-105, Is almost likely 
already familiar to you. 

The CARPENTER'S HAMMER is made in 
various weights. The two best suited for pattern 
work are the 13-ounce and 14-ounce hanamers. 




68.10X 

Figure 3-104.— Miter box. 
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Figure 3-105.— Forcing and holding tools. 



1.14:29.5: .11 



The head of the hammer is of forged steel, 
designed with claws for pulling nails and with 
a hardened face for driving. 

The PATTERNMAKER'S HAMMER is a 
smaller version of the carpenter's hammer, 
weighing 7 ounces. 

The LONG-HEAD HAMMER is used chiefly 
on £ mall and medium-sized work. The long end 
of the hammer is used for driving in a narrow 
or awkward space. 

A MALLET is used primarily with chisels 
and gouges. To protect the handles of these 
tools, mallet heads of beech, maple, rawhide, 
or solid rubber are best. 



The BRAD AWL is used to piece holes in 
wood when it is necessary to bore a small hole 
before driving a brad or nail in place. The brad 
awl has a tapered blade, and it is available in 
three sizes: 1/16, 3/32. and 1/8 inch. 

The MAGNETIC BRAD SET is used to insert 
small brads in otherwise inaccessible to reach 
locations on the pattern. 

The UNIVERSAL VISE is the most convenient 
holding device for pattern finishing. This vise 
is adjustable for holding the pattern at any 
desired angle. 

CLAMPS are used primarily for holding parts 
being glued together. The JORGENSEN type is 
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com-nonly called the hand clamp or parallel 
clamp. It has wooden jaws and adjustable steel 
screws with which tha angle of the jaws miiy be 
adjusted to fit the work oi to overlap one jaw 
beyond the other. 

The CABINET CLAMP concentrates pressure 
on a small area. It is used to hold stock of 
quite large width that is being glued together. 
This clamp is manufactured with either a screw 
type of adjustment or an eccentric which tightens 
the clamp instantly. 

The C -CLAMP is available in several styles. 
It ranges from u 2-inch to an 18-inck opening 
and from a 1 1/4- to \6-inch depth. 

The PINCH DOG is used to clamp pieces of 
wood together during gluing operations when 
clamps cannot be ust^U. It is also used to clamp 
pieces of wood together temporarily. The outsides 
of the two points are parallel to each other, 
but the inside is tapered. (See fig. 3-105.) As 
tlie pinch dog is driven into the wood, the taper 
draws the surfaces of the pieces tightly together. 
Hammering should not be done in the middle of 
the pinch dog. It should be done, alternately, 
first over one point and then over the other. 
Continuous hammering in the middle of the pinch 
dog will spring it, and in time, make is useless. 



ABUAD!NG TOOLS 

After planes, chisels, and other edged tools 
have become duU from use, they must be re- 
sharpened. In order to do good work, they n«ast 
have a keen cutting edge at all times. The 
cutting edge obtained by grJnding a tool is too 
rough for paring or carving operations. It is 
therefore necessary to dress the edge further by 
whetting it on an OILSTONE. (See fig. 3-106 
for the abrading tools group used by the Pattern- 

1113 

The cutting edge is placed on the oilstone so 
that the entire ground edge is bearing on it. 
Next, the ground edge is rubbed steadily back 
and forth with long strokes in an elliptical path. 
Check the edge from time to time and observe 
the results. To complete the whetting, lay the 
tool on its flat face and rub it back and forth 
parallel to the cutting edge. 

During the whetting operation, oil should be 
applied freely to the surface of the stone. This 
washes away the grindings l kJ prevents the 
surface of the stone from becoming cloggea or 




l.£0:29.9N 
Figure 3-106.— Abrading tools. 



glazed. Wipe the surface frequently with waste 
or a rag cloth. Before a new stone is put into 
use, it should be soaked in oil for several da/s. 
Machine oil of a very Ught viscosity, or ordinary 
machine oil cut with kerosene, should be used. 

There are several types of oilstones. The 
rectangular-faced stone is the most commonly 
used type. There is a tendency when using it to 
whet back and i rth in the ctater of the stone, 
eventually producing a dip or hollow on its 
face. Th.^ disk-shaped type is considered superior 
to the rectangular-faced type because it allows 
a rotary motion while whetting, so that the wear 
on the stone is more evenly distributed. 

SLIPSTONES, of the oilstone type, are used 
to whet the cutting edges of gouges and carving 
tools. During the whetting operations, however, 
the slipstone is moved back and forth instead 
of the tool being moved. 

The Navy Stock List of General Stores lists 
more than a page of files and rasps suitable 
for pattern work. Only the HALF-ROUND 
CABINET FILE and the HALF-ROUND CABINET 
RASP are needed for ordinary work. The most 
useful sizes are 6, 8, and 10 inches. 



CARE AND REPAIR OF TOOLS 

By this time, you are thoroughly familiar 
with the Navy practice of keeping everything 
shipshape. In the pattern shop, this practice is 
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most Important to the successful performance 
of your duties. Use each tool or Instrument In 
the mainner and for the purpose for which it 
was designed. If tools and Instrimients are not 
properly handled, they will not be in condition 
to be used to do your job. Learn to handle each 
cue In tW .^rrect manner so that it will be rf^ady 
tor use a*. ?>L times. 

Here several reminders that you will 
find of assistance in caring for tools: (1) each 
tool or instrument should be kept clean; (2) tools 
Should be wiped with an oily rag occasionally 



to prevent rusting; (3) whenever tools are not in 
use, they should be put away; (4) If a tool or 
Instrument is damaged or nicked, it should not 
be used until repaired; (5) when laying down 
chisels and other cutting tools, after using them, 
keep them away from the edge of the workbench 
and also turn their cutting edges away from 
you. 

Possibly your biggest maintenance job will 
be that of keeping your tools sharp. Tike care 
and maintenance of handtools is fully covered 
In Tools and Their Uses, NAVPERS 10085-B. 
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There are a limited number of portable 
power tools mantifactured specifically for pattern 
work. Also, soma of the more conMnon portable 
power tools can be adapted to pattern work. 
However, the use of portable power tools In 
pattermnakliJg is limited because of the high 
degree of accuracy required of pattern work. 

Although your primary function as a Pattern- 
ma :er Is to manufacture patterns for the foundry, 
there are many other Jobs that you will be called 
upon to make because as a PM, you are 
considered to be the finest wood craftsman 
available. Many of these Jobs will involve 
carpentry skills such as shoring, paneling, and 
building scaffolds. Others will Involve the sklUs 
of the cabinetmaker and the furniture maker 
In making such Items as bookcases, desks, 
cabinets, and plaque backs. Therefore, It Is 
necessary for you to be familiar with some of 
the tools of these trades. 

mile It is understood that we cannot possibly 
cover all at the portable power tools that are 
available, this chapter will discuss those that 
are most common and usually found in the pattern 
or carpenter shops aboard ship. 

Most portable power tools are either electric 
or air drtven. The most common variety used 
for woodworking is electrical. 

There are several safety and operating 
precautions that are relevant to all electrical 
tools, the most important of which are those 
related to electrical shook. 

Electrical tools are manufactured in such a 
way that all current-carrying parts are Insulated 
from the housings and handles and are laboratory 
tested to ensure that they are safe to use when 
new. However, If the power unit is overloaded 
to the point of burnout, the tool dropped, the 
swltoh damaged, the supply cord Jerked or other- 
wise abused, or the tool subjected to any other 
form of abuse, a "hot" conductor may come 



in contact with the tool housing and you may 
receive a serious electrical shock. 

The electrical shock hazard is minimize.'' 
iw providing a low resistance grounding wire 
between the tool housing and a positive ground. 

All portable electric power tools aboard 
ship must have a three-wire cotd of sufficient 
length to allow freedom to use the tool and a 
plug such as the one shown In figure 4-1. The 
round prong on the plug is the ground. This 
type of plug is designed to fit the groundli^ 
type convenience outlet shown in figure 4-2, 
H this type of outlet is not available, a special 
adapter may be used such as the one shown In 
figure 4-S. It consists of the standard two prongs 
and a wire lead. The lead is the ground wire and 
must be connected to a positive ground before 
you use the tool. Never use a portable electric 
tool without first grounding it. A l20-volt shock 
can very easily kill you. 

Many portable electric tool housings are now 
being made of a special high Impact plastic 
which is more resistantto damage than aluminum. 
The plastic also helps to minimize the electrtoal 
shock hazard. However, the use of this plastic 
does not eliminate the chance of sho<Sk, nor 
does It eliminate the need of a positive ground. 

Because portable electric power tools made 
by specific manufacturers will differ, the best 
Information concerning maintenance of these 
tools will be found in the manufacturer's in- 
struction booklet provided with each tooU 

In order to ke^p your tools In good operating 
order, you must rigidly adhere to these 
instructions. 

If, for some reason, a manufacturer's 
instruction booklet Is not available, a letter 
written to the specific manufacturer's sales 
and service office listing the model number, 
size, type, and duty rating of the particular 
tool will usually get you one by return mall. 
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m THE CORRECT PU G ! 



SAFETY 
GROUND 
PIN 




MAKE CERTAIN THAT THE TOOLS 
YOU USE HAVE A SAFETY PLUG 
AND CORD WITH INTEGRAL 
GROUNDING CONDUCTOR. 




40.67(67C)A 
Figure 4-1. — Three-wire grounding plug. 

GENERAL SAFEIY PRECAUTIONS 
FOR PORTABLE POWER TOOLS 

1. Before using the tool, inspect the electric 
cord for breaks or signs of abuse. 

2. Inspect the tool and ensure that it is iu 
good condition, properly lubricated, that all 
adjustments are tight, blades and cutters are 
sharp, and that all safety guards are present 
and in good operating order. Ensure that the 
switch fs in the OFF position. 

3. Ensure that you are connecting to the 
proper electrical supply. 

4. Make certain that the tool is properly 
connected to the electric circuit and safely 
grounded. 

5. Never use electric tools in an area 
containing ejqploslve or combustible liquids or 
gaffes. 




40.67(67C)A 

Figure 4-2.— Grounding type convenience outlet. 





5.13(68C)X 
Figure 4-3.— Grounding adapter. 



6. Never use an electric tool while standing 
on a wet or damp deck. 

7. Do not wear loose clothing, ttes, dog 
tags, or the like, which might become caught 
in the tool you are using. 

8. Make certain that the electric cord does 
not bec<nne fouled during the operation of the 
tool. 

9. not work on any material, unless 
it is securely fastened so that It will not slip 
or twist. 

10. Keep tools dry and protected from damp- 
ness and dirt. 

11. Always use all of the safety guards 
provided. 

12. Always disconnect tte tool from Itspower 
source before changing blades, drill bits, cutters, 
sandpt^r, etc. 

13. Thoroughly clean the tool before re- 
stowing. 

14. think: For the most part, safety is just 
simple logic. Most accidents are caused by 
thoughtlessness. 
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PORTABLE ELECTRIC 
CIRCULAR SAW 

The portable electric circular saw is a light 
wei^t, hlf^ speed cutting tool that can be used 
for cutting a wide variety of materials and 
making special cuts when used with the 
appropriate cutting blade. 

The saw is available as a standard duty or 
heavy duty tool and in horsepower ratings ranging 
from 1/6 to 1 l/2 hp, with speeds ranging from 
1800 to 5600 rpm. 

The size of the portable electric circular saw 
is determined by the diameter of the blade which 
the saw is designed to use. For instance, a 
saw designated as a 7 1/4 inch size will have 
a 7 ^/4 inch diameter cutting blade. This saw 
is available in sizes ranging from 4 to 12 inches. 
The most popular size for shop use is the 7 1/4 
inch heavy duty saw. However, a 10 inch heavy 
duty saw is the size usually found in the repair 
lockers aboard ship. 

The voltage requirement for most portable 
electric saws Is 120 volts a-c, but they are 



also made for 220 to 660 volts for either a-c 
or d-c current. 

A typical portable electric circular saw Is 
shown in figure 4-4, The motor housing, base, 
and handle are aluminum, while the adjusting 
knobs and end bell of the motoi; are plastic. 

The saw is provided with a depth adjustment 
device which allows you to adjust the cutting 
depth of the blade and a bevel adjustment which 
allows angular adjustment from 90 to 45 degrees. 
See figure 4-5. 

Another adjustment is provided through the 
use of the rip guide shown In figure 4-6. Two 
small knurled screws on the front of the saw 
base allow quick installation and setting of the 
rip guide and hold it firmly In position. 

NOTE: It Is not reoommerided to use the 
graduations on tkie rip guide vihen a high degree 
of accuracy is Important. 

Blade safety guards differ among manufac- 
turers, but usually cover the front and bottom 
of the blade. The blade guard shown In figure 
4-4 is a spring loaded, telescoping type which 
automaticaUy returns to the closed position 
when the cut is finished. 




29.188(68QAX 

Figure 4-4.— Portable electric power saw, 7*« heavy duty. 
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29.133(680) BX 

Figure 4-6.— Knob A controls the depth of cut. 
Thumbscrew B controls the bevel adjustment. 




29.133(680) CX 

Figure 4-6.— Rip guide set for 1 1/4" width of 
rip. Broken arrow indicates blade rotation. 



An additional feature of the saw shown in 
figure 4-4 is the kick-proof clutch. This feature 
Is in the form of a special washer designed to 
relieve motor strain and possible motor bum<Mt» 
but most importantly, to minimize the pQSSibility 
of the saw kicking hsxik. at the operator. 

The control switch of the saw, located in the 
handle, is a trigger type vthith requires constant 
pressure to keep it in the ON position. 

USING THE CIRCULAR SAW 



The first consideration that must be taken 
before starting any cut is the selectton of the 
proper cutting blade for the particular ty^e of 
material or type of cut to be made. 

There are numerous cutting blades available 
for the portable circular saw vAddh enable you 
to make various cuts on materials such as 
wood, plywood, flberboard, plastics, and soft- 
metals. 

You will be primarily concerned with the 
three most common wood cutting blades v^oh 
are the rip, crosscut, and combination blades 
shown in figure 4-7. 

The combination blade, designed to botii 
crosscut and rip. is the blade generally used 
most frequently in the saw. 

Saws made specific manufacturers will 
differ. Therefore, the best information concerning 
methods of changing blades will be found in the 
manufacturer's instruction booklet provided wltti 
each saw. 

Although we will not attempt to discuss the 
procedure for making all the various outs possible 
with the portable circular saw, we will cover 
the step by step procedure for making the two 
most common cuts «1iioh are ripping and oross- 
cultlt^, 

Crosscutting 

Crosscutting (cutting across the grain) may 
be done with either the combination or crosscut 
blade. However, a much smoother cut will be 
made with the crosscut blade. The steps of the 
procedure for crosscutting are as follows: 

1. Be sure that the woiic to be cut is solidly 
supported. 

2. Adjust the depth of cut so that the blade 
will extend through the material to the extent 
that the gullets of the teeth clear the fhiokness 
of the material as in figure 4-8. 
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68.202X 

Figure 4-7, -CoramDn blade types for portable circular saw. A. Crosscut B, Rip C. Combination 




68.203X 

Figure 4-8. — Depth setting for average cutting. 

3. Be sure that the angle adjustment device 
is set and locked at zero or the desired angle 
for bevel cuts. 

4. Ensure that the blade guard is operating 
freely and in the proper position. 

5. Plug the saw into the proper power 
outlet, making certain that the electric cord 
is properly grounded and positioned so that it 
will not become fouled during the sawing 
operation. 

6. Grasp the handle of the saw firmly with 
the forefinger ready to operate the trigger switch. 
Keep the other hand well out of dai^r. 

7. Place the front of the saw base on the 
work so that the guide mark on the front plate 
and the Une of cut are in line. 

8. With the blade well clear of the work, 
start the saw and allow the blade to attain full 
cutting speed. 

9. Advance the saw into the wood, following 
the line of cut with the guide mark. Save the 
full cutting line. As you become proficient with 
the saw, only half of the cutting line should be 
saved. 



10. Guide the saw steadily throu^ the cut. 
If the saw stalls, do not release the trigger 
switch. Instead, carefully back the saw enou^ 
to allow it to resume speed and then continue 
the cut. A wedge placed in the saw kerf will 
help prevent the saw's binding when cutting 
wide boards. 

NOTE: If the saw stalls excessively, dis- 
connect the power cord and check the blade for 
dullness or lack of set. 

11. When the end of the cut is reached, 
release the trigger switch and allow the blade 
to follow through as you lift the saw out and away 
from the work. Take care not to twist the saw 
as it is removed, as this will score the work. 

12. Ensure that the blade gaard has returned 
to the closed position before laying the saw 
down, . ^ 

NOTE: NEVER bring the saw to rec»t against 
your leg or any other part of your body. The 
blade guard can become Jammed, leaving the 
blade ejqposed. This would result in serious 
injury. 

Ripping 

Ripping (cutting with the grain) is generally 
more difficult than crosscutting because of the 
length of the cut. TMs cut can be made with 
either the combination or the rip blade. If a 
smooth cut is required, use the rip blade. 

Some important items to bear in mind when 
ripping with the portable saw are: 

1. The material being cut must be well 
supported and not allowed to sag. 

2. The material must be securely held in 
position. 

3. The cutting blade must not cut into the 
supporting material. 
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The steps of the procedure fof ripping are 
as follows: 



1. Insert the rip guide into the saw frame. 
The guide may be inserted into either side of 
the frame for both wide or narrow widths. 

2. Adjust the rip guide to the desired width 
and tighten the two thumbscrews to lock the 
guide in position, 

3. Proceed as in crosscutting, steps 2 through 
12. If the saw I<erf seems to close and bind 
the blade, insert a wedge to open it and give 
clearance to the blade. 

If the ripping is so long that it will 
be necessary to valk beside the material while 
cutting, make the following additional prepara- 
tions before making the cut: 

1. Support a 2" x l2'« plank at leatt as long 
as the proposed cut, on two saw horses or other 
solid foundation at a comfortable height for 
cutting. 

2. Place the material to be cut on the plank. 
Allow its edge to project beyond the edge of 
the plank about 1 inch more than the width of 
the proposfcd cut. Tack the material to the plank 
in this position, using nails that will hold it 
securely at each end. 

3. Be sure that you have a clear, unobstructed 
place to walk while pushing the saw aloi% the 
required length, and see that the saw cord will 
not become fouled while making the cut. 



PORTABLE ELECTRIC 
SABER SAW 

The portable electric saber saw, figure 4-9, 
is a relative newcomer to the woodworking 
trades. It is a versatile machine often referred 
to as the portable jigsaw as it is capable of 
performing most of the operations common to 
the jigsaw and bandsaw. 

Saber saws are simple machines and all a. e 
essentially the same, consisting of a power unit, 
tiastf, chuck, and switch. The saw blade may 
travel In a stral^t up and down motion or In 
an orbital path as shown in figure 4-10. 

The power unit Is usually 120 volts a-c or 
d-c and Is available In either standard or heavy 
duty ratings. It must be remembered though, that 
although the saw Is available in the heavy duty 
rating, it Is not suitable for heavy duty work. 
It is a slow cutting machine, the accuracy of 
which Is solely dependent on the skill of the 
operator. 




44.213(68C)X 
Figure 4-9. — Saber saw. 




Figure 4-10.— Orbital action. 
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Because the wide variety of blades made 
for this saw, figure 4-11, It is capable of cutting 
practically every type of construction material 
as well as plastics, leather, rubber, and metals, 
which includes steel If the saw is used for short 
periods of time. 

Although the saber saw can be used for making 
straif^t cuts, the main advantage Is its ability 
to cut curved or Irregular work. The most 
distinctive feature of the saber saw Is Its ability 
to make pocket cuts without you having to drill 
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7- TOOTH WOOD CUTTING 
lO-TOOTH WOOD CUTTING 

14-TOOTH HIGH SPEED STEEL METAL CUTTING 




32-TOOTH HIGH SPEED STEEL METAL CUTTING 

KNIFE (FOR FELT. PLASTICS. CARDBOARD. SPONGE RUBBER, ETC.) 
18-TOOTH HIGH SPEED STEEL METAL CUTTING 
G 24-TOOTH HIGH SPEED STEEL METAL CUTTING 



Figure 4-11. — Types of saber saw blades. 
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a preliminary hole or make a lead-in cut. This 
featui« is reCerred to as "plunge cutting," 

In order to make a plunge cut, first measure 
the area to be cut out and mark it clearly with 
a scribe, pattern knife, or pencil. Choose a 
convenient starting point and hold the saw over 
that point and inside the line of the waste. 
Next, tip the machine forward until the front 
edge of the base rests firmly on the surface of 
the material and the top of the blade is well 
clear of the work surface ais in iigure 4-12, 
Start the motor and, after the blade has reached 
its full speed, lower the back of the machine 
and the blade w<U bite smoothly into the surface 
and down to its full depth. Do not move the 
machine forward until the base is fully seated 
on the surface of the work. As soon as the saw 
is fully seated on the stocRrguide it along tiie 
inside of the marked area. If sharp corners 
are desired, cut right up to the corner of the 
marked edge. Stop and back up just a little, 
start the turn, and cut along the side, r the 
same at each corner until you end up whei you 
started. Now, go back and cut into each corner 
from the opposite direction. The base of the 
machine is wlce enough so that you will have 
a solid guiding surface on either side of the 
cut* 

When cutting with Hie saber saw, never force 
the machine. This will result in a rough out, 
may damage the motor, and will surely break 
the blade. 




68.205X 

Figure 4-12,— Starting the plunge cut. 



PORTABLE ELECTRIC SANT^'^tS 

While the portable electric s-^nders are seldom 
use*^ m the manufacture of patterns, they are 
used extensively In the Navy's woodworking shops 
for finishing cabinet work and carpentry projects 
as they are great time saverb. 

There are three basic types of portable 
electric sanders, belt, disk, and finishing, 

BELT SANDERS 

In woodworking, the belt sander is the most 
widely used of the , portable sanders as it Is 
fast, versatile, and' can rough sand as well as 
finish sand. 
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Typical belt sonde rs are shown in figures 
4-13 and 4-14 with the component parts identified^ 

The belt sander is usually equipped with a 
110 volts a-c or d-c motor delivering from 
3/4 to 1 1/4 hp. This power is transmitted from 
the motor to the rubber-covered traction wheel, 
figure 4-4. through a set of reduction gears 
on the heavy duty models or a belt drive on the 
lighter duty models. The traction wheel drives 
an endless abrasive belt over the idler wheel 
in the front of the machine. This wheel not only 
serves as a support for the abrasive belt, but 
also functions to center (track) the belt on the 
Sander, 

A dust collector, figure 4-13, is available 
as an added feature for most belt sanders. It 
consists of a small air impeller which pulls 
the dust through itself and deposits it into a 
dust bag in much the same manner as a vacuum 
cleaner. 

Portable belt sanders are maae in 2, 3,4, and 
4 1/2 inch sizes. The size is determined by 
the width of abrasive belt that the particular 
sander is designed to use. 



Portable belt sanders also vary from 2l to 
2H inches in the length of the abrasive belt 
that the particular sander is designed to use. 
Sometimes this measurement is included in the 
size description of the sander. For instance^ 
you may have a 4 1/2 x 26 inch portable belt 
sander in your shop. This tells you that this 
particular sander will use only an abrasive belt 
measuring 4 l/2 inches wide and 26 inches long. 

Abrasive Belts 



Abrasive belts designed for the portable 
belt sander are either cloth or paper at \ are 
coated with une of three types of abrasive 
material (grit); garnet, aluminum oxide, or 
silicon carbide. 

Garnet is the softest of these three materials. 
It is used as an abrasive coating over paper 
belts and is only suitable for soft textured 
woods. 

Aluminum oxide is a harder and more durable 
abrasive. It is applied to cloth belts and may be 
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used for sanding all woods as well as nonferrous 
metals. Although aluminum oxide belts are more 
expensive than garnet belts, most craftsmen 
prefer to use them. 

Silicon carbide is an extremely hard abrasive 
that is seldom used in the carpenter shop. It 
is used primarily for sanding stone, marble, 
glass, and ferrous metals. 

All sanding abrasives are classed as either 
open coat or closed coat. This simply means 
that the abrasive material is spaced apart or 
close together. Open coat abrasive belts are 
used for fast, rough sanding and are more 
suited for soft woods. Close coat abrasive belts 
are more suited for final finishing and for 
hardwoods. 

On the inside of every sanding belt is informa- 
tion identifying the type of abrasive, belt material, 
whether it is open or close coat, the coarseness 
of the abrasive, and an arrow which is used as 
a reference in mounting the belt. This arrow 
must always point in the direcition of rotation. 



More information on sanding abrasives is 
contained in chapter 6 of this manual. 

Belt Installation 

The steps of the procedure for installing 
sanding belts are as follows: 

1. After selecting the right size belt having 
the proper abrasive grit for the Job. lay the 
Sander on its left side and retract the idler 
wheel by releasing the tension release lever 
(fig. 4-15). This decreases the span between 
the traction wheel and the idler wheel v^ich 
permits the belt to be easily slipped into place. 

f Position the belt on the traction and idler 
wheels so the outer edge of the belt is flush 
with the ends of both wheels and the arrow 
inside the belt is pointing in the direction of 
rotation (fig. 4-15). 

Reset the tension release lever to restore 
tension on the belt. 
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29.189(680 CX 
Figure 4-15. — Changing sanding belt. 



The next step is to trac the belt. Correct 
tracking is very important as either the sander 
or the work will be damag :d if the belt is allowed 
to run off center. 

To track the belt, hold the sander by its 
rear handle with the right l.<md and tilt the 
sander back er. the belt is running free. Start 
the motor and adjust the belt track adjusting 
screw either right or left (fig. 4-16) until the 
belt runs in the center of the traction and 
idler wheels. 

The track will usually have to be readjusted 
from time to time as the sanding belts have a 
tendency to stretch. 

NOTE: NEVER operate the belt sander with 
the belt running off center. 

Operation of the Belt Sander 

It is important to know how to use a belt 
sander properly. Since it is a fast cutting machine, 
it can ruin a job very easily if used improperly, 
and has done so on many occasions. 

The best way to learn how to use the belt 
sander is to practice on scrap material until 
you are thoroughly familiar with the "feel" of 
it* The following are general procedures to be 
followed in using the belt sander: 

1. Always be sure that the work to be sanded 
is secured so that it cannot move. The belt 
sander exerts a tremendous pulling force which 
can move very large work* 
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Figure 4-16*— Aligning belt* 



2* After complying with the general safety 
precautions discussed in the front of this chapter, 
lift the sander from the work by grasping both 
the front and rear handles and start the motor* 

3* Carefully place the moving belt on the 
surface of the work, letting the rear of the belt 
gently touch first. 

4* Move the sander forward as you level it* 
Do not px^ss down on the sander* The weight 
of the machine is sufficient to produce the 
necessary sanding action* 

5* Keep the sander moving with long over- 
lappii^ strokes* Never pause durii^ the sanding 
operation ar the sander will quickly sand a 
depression in the work. 

6* Be especially careful not to let the front 
or back of the sancter drop when running out 
to the end of the work as this will round the 
edges* 

7* Upon completion of sanding, lift the sander 
from the work and then stop the motor* Do not 
stop the sander \ii^ile it is* resting on the work, 
as this will teni to tear the grain of the wood 
and result in a roug^ surface* 

When it is necessary to remove a large 
amount of material, use a coarse belt and position 
the sander diagonally to the grain of the wood, 
first left and then ri^t, while moving the sander 
with the grain of the wood in overlapping strokes* 
This produces a faster sanding action and 
minimizes the possibility of creating an uneven 
surface* 
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When finish sanding, always use a fine grit 
abrasive belt and always position tlie sander 
parallel to the grain of the wood. 

The belt sander can also be used for sanding 
concave surfaces with the addition of the special 
shoe base shown in figure 4-17. It is used in 
place of the regular shoe base and has a soft 
rubber base which permits the belt to conform 
to curved and irregular surfaces. 

FINISHING SANDER 

The finishing sander (fig. 4-18) is designed 
for fine sanding where only a small amount of 
material must be removed to obtain a desired 
degree of surface smoothness. 




29.139(68C)EX 

Figure 4-17. — Special concave sandii^ shoe 
mounted on a belt eander. 



Prior to the development of the finishing 
sander, this phase of finishing had to be done by 
hand and was tedious and time consuming. While 
the finishing sander is not suited for all finish 
sanding operations and should not be used for 
finish sanding patterns, it is a vfery effective 
timesaver vihen used on cabinet and carpentry 
projects. 

There are three types of finishing Sanders 
made— orbital, reciprocating, and combination 
orbital-reciprocating, and they are available in 
either heavy duty or standard duty ratings. 

The orbital sander moves the sanding pad 
in a circular motion and is preferred for general 
finish work, as it cuts faster than the 
reciprocating type. However, it does leave small 
(8/16" to 1/4") swirls on the surface which can 
be objectionable if a high quality finish is desired. 

The reciprocating sander is usually a 
vibrator type machine and sands with a slight 
back and forth motion. While this machine is 
much slower than the orbital sander, it produces 
a fine quality, with the grain finish that is 
suitable for the finest of finishes. 

The most versatile finishing sander made is 
the orbital-reciprocating type. By moving a 
lever located above the sanding pad, the machine 
can be made to sand with an orbital or recipro- 
cating action. 

Fne pad length of most finish Sanders is 
slightly shorter than the width of a standard 
sheet of sandpaper and the pad width is usually 
equal to 1/3 of the length of a standard sheet 
of sandpaper. This enables you to cut three 
sanding pads from a sheet and attach them to 
the machine as needed by slipping thera under 




68.206(680) AX 

Figure 4-18.— Typical finishing sanders. 
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a spring or friction device located on each end 
of the Sander and pulling them tight (fig. 4-19). 
Special care must oe taken in order to keep the 
Bandpaner tight 5n the sander otherwise, the 
motion of the machine will not be transmitted 
to the sandpaper. 

The selection of the rl^jht type and grit of 
coated abrasive fcr a particular job is Important 
In finish sanding. 

The artificial abrasives (silicon carbide and 
aluminum oxide) are best as they last longer and 
cut fa:iter. However, the natural abrasives (garnet 
and flint) are very often used for sanding soft 
woods and for removing old finishes as they 
cost a great deal less. 

Table 4-1 is a table of abrasives which will 
be helpful in choosing the right abrasive for 
most Jobs. 



DISK SANDER 



The portable electric disk sander is a good 
machine for removing old finishes and for roug^i 
sanding, but is not cuitsMe for finish sanding 

Figure 4-20 shows the two typss of disk 
Sanders that are usually found aboard Navy 
ships. 



The disk sander is made In heavy and standard 
duty ratings and is available in a wide variety 
of speed ranges. 

When using the disk sander, tip the machine 
slightly with Just enough pressure to bend the 
disk as shown in figure 4-21. Be sure to keep 
the sander moving, preferably in long-sweeping 
arcs, to minimize the possibility of gouging 
the surface. 



PORTABLE ELECTRIC 
HAND DRILL 

The portable electric hand drill is probably 
the most used of all portable tools. It is made 
in more types, capacities, and by more manu- 
facturers than any other portable power tool. 
A lightweight 1/4" capacity plptol ''rlU is shown 
in view A of figure 4-22. A heavy duty 1/2" 
short type drill shown in view B of figure 4-22, 
is designed to get into tight spots, and ideal for 
heavy boat work. 

The size of electric drills is determined by 
the maximum drill diameter that the chuck will 
hold. Common sizes are 1/4", 6/l6", S/8", 
1/2", 5/8", 8/4", and 1". The ohudk speed, 
which is fixed for each size drill, decreases as 
the size of the drill increases. The drill speed of 
a 1/4" drill, for Instance, mifi^t be 2000 rpm 
at no load. The same type drill in 5/l6" size 





Figure 4-19.— Mounting sandpaper or finishing sander. 
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Table 4-1,— -Abrasive Recommendations for Finishing Sanders 
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is 1000 rpm at no load, and the 3/8" size of the 
same drill is 850 rpm at no load. 

The diill consists of a motor housing which 
contains the power unit and a series of gears 
for transferring the powe^- to the chuck. The 
chuck may be of the keyless type or the more 
preferred key type. Both types contain hardened 
steel Jaws which are tightened and released with 
a threaded sleeve. 

Thhre are accessories made for the portable 
electric drill that enable you to use it for sanding, 
buffing, sawlr^ (both as a saber saw and as a 
circular saw), routing, as an electric screw- 
driver, wire brushing, paint mixing, and grinding, 
just to mention a few. 

When using the portable electric drill, the 
same safety precautions are to be observed as 
wnen using any other portable power tool. 



PORTABLE ELECTRIC ROUTER 

The router (fig. 4-23) is the most versatile 
of all the portable power tools, for it both cut* 
and shapes. It can do most of the Jobs any other 
power tool can do as well as the work of the 
lathe, shaper, and other highly sophisticated 
woodwor'dng equipment. 

The primary parts of the router (f<g. 4-24| 
are much the same as those of other portable 
power tools. It contains a base, a chuck to hold 
the cutting tool, and a power unit which l» 
usually more powerful than those of any other 
portable power tool. 

Basically, the router is designed to cut int^ 
the surface of the stock, routing out areat» 
making all types of Joints, shaping edges, cutting 
grooves, mortising, or doing any cutting Job 
thay may need to be done. Actually, the router 
can do about 90 percent of all woodworking 
jobs. 
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44.49(68C)X 
Figure 4-20. — Portable electr ic disk Sanders. 
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4.35A(68C)X 
Figure 4-22. — Typical drill motors. 
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Figure 4-21. — Using disk sander. 



68.209(68C)A 
Figure 4-23.— Portable router. 
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Figure 4-24*— The router assembly* 
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The router depends on sharp, precision shaped 
cutting bits and very hig^ rpm (18,000 to 27,000 
rpm) compared to 5,000 rpm for a high speed 
drill motor* Because of this high speed, the 
router is able to provide a cut that is smooth 
and accurate, requiring little or no sanding. 

The router is ideal for cutting decorative 
edges, no matter how simple or intricate they 
may be; it is probably used for this purpose 
more than for any other* It can be used for many 
other things such as trimming veneers and 
plastic laminates » cutting out recesses to a 
required depth, cutting out recesses for inlays, 
making decorative cutouts, and as a hig^ speed 
grinder, just to mention a few. 

The size of the router is determined lyy 
its rated horsepower ^ich ranges from 1/4 to 
S l/4 hp* The heavy duty routers (usually from 



1 to 3 1/4 hp) are referred to as production 
machines and may weigh up to 25 lbs. These 
machines are not suitable for some of the smaller, 
more intricate Jobs, but are still quite easy 
to handle for their size. 

The router chuck is a wrench tightened collet 
type and is most commonly designed for l/4'' 
shank bits. However, l/8'* to l/2*« collets are 
available. 

A knowledge of the bits made for the router 
is necessary in order to use the machine 
effectively. 

Basically, there are two types of router 
bits— edge cutters and groove cutters. Rounding 
over, cove, chamfering, beading, and rabbeting 
bits are but a few of the edge cutting bits made 
for the router. Some of ttie groove cutting bits 
are the veining, V'-groove, corebox, and dovetail. 
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Some of the edge cutting bits have a •^llot** 
below the cutting portion of the bit which acts 
as a guide* 

The stat^ard material of whlcn bits are made 
is high-speed steel. Most bit*? are also available 
in tungsten carbide which will hold an edge 
about twenty-five times longer than a standard 
bit and are necessary when cutting fiberglass* 
hard plastic, and hard plastic laminates* 

Figure 4-25 illustrates some of the bits 
available for the router. 

Figure 4-26 illustrates the grinding wheels 
available for the router. These are important 
to the upkeep of the router bits for these bits 
must be kept s* arp at all times. A dull bit Is 
not only dangerc t3, but it can ruin a job. The 
grinding wheels are specially shaped for 
sharpening the intricate shapes of the router 
bits. 

Many oooks could and have been written on 
the subject of using the router. Since this manual 
cannot possibly begin to cover the subject fully, 
we will only point out the few safety factors 
involved when using the machine and go on to 
discuss one of the many attachments for the 
router-* the corebox machine. 

The electrical safety precautions for the 
router are the same as for all portable power 
tools. 




68.210 

Figure 4-25. — Router bits. 
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Figure 4-26. — Grinding wheels for sharpening 
router bits. 



The mechanical safety precautions consist 
of ensuring that the bit Is wrench-tlg^hitened \rtien 
mounted into the machine and all other adjusting 
devices are tl^t before starting the machine. 
Always make a test cut on a piece of scrap 
material before using the machine on the actual 
job, always cut againstthe rotation of the machine, 
and do not overload the machine by taking too 
heavy or too fast a cut. If Immlng of the stock 
occurs or the router Is bogging down, you are 
either taking too fast a cut, too heavy a cut, or 
your bit is dull. Take the appropriate corrective 
action before proceeding. 

PORTABLE ELECTRIC 
COREBOX MACHINE 

One of the few portable power tools made 
for pattern work Is the corebox machine. It 
is fast, accurate, and simple to operate which 
makes It a definite asset in any pattern shop. 

The corebox machine is a ll^t wei|^t (23 
to 27 lbs.) machine which Is designed to produce 
cylindrical, spherical, or elbow^shaped outs 
complete with fillets and draft in lass than half 
the time (In most cases) required to accomplish 
the same jobs on the lathe. It will work elbow 
diameters up to 7 l/2" and leaves a smooth 
and completely accurate finish, needing only 
lli^t finish sanding. 

The corebox machine, figure 4*27, Is 
essentially a router motor mounted on a yoke so 
as to sv^ng in a circular arc from crank arms 
\a1ilch, in turn, are controlled in unison by hand 
Mdieels at the will of the operator. The radius 
of the cuts is controlled 1^ adjustments of the 
ends of the yoke along each crank arm. 
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Figure 4-27, — Corebox machine. 



The entire machine is also designed to be 
moved along the corebox or other work and is 
provided with self-aligning guides for this 
purpose* In this way, every cut is made perfectly 
square with the center line. 

Provision is made to limit the circular move- 
ments of the cranks and, thus, the cutter at 
any predetermined position in the arc. This is 
accomplished by drill rods passing through the 
yoke and adjusted vertically by set screws. The 
end of these rods strike the base and limit the 
cut to whatever degree of arc is desired from 
0 to 45 degrees, using the top surface of the 
box as zero. Beyond 45 degrees and up to 90 
degrees (that is where the movement is more 
nearly sideways than up and down), adjustable 
triangles are provided which engage a pin on the 
yoke itself. 

On the left end of the machine under the 
hand wheel is a click lever which may be ON or 
OFF while operating. When ON, the click lever 
rides on the hand wheel until the crank arm 
reaches a level or zero position; then it auto- 
matically locks the movement of the crank arms 
in a starting or resetting position. Adjustment 
for a larger diameter may be made while the 
motor is running, after which both knurled hand 
wheels on the crank arm must be tightened 
securely by hand (no wrench is required). The 
click arm is then released and allows the arm 
to ride the wheel until a half circle cut is 



completed. Then the crank arms will lock again 
at the zero point for another adjustment. 

The click arm will stay in the OFF position 
when not needed, 

A brake tension is provided on the rlj^t end 
of the machine under the hand wheel to be used 
to lock the machine In any position either when 
the cutter is in the box or when the cutter Is 
out. It is also used to provide certain tensions 
for different operations. 

A centerline and a dot center are provided 
on each side of the machine to center same with 
the center line on the job. The dot center Is 
used In connection with a pair of dividers to 
check the center. If the first setting should 
be off slightly when the trial cut Is made, a 
micrometer adjustment Is provided on the rlgjit 
hand side of the machine. The close adjustment 
Is made by turning the screw rlg^t or left after 
the two screws in the sub-base have been 
loosened. These screws hold the two base plates 
together. A er the close adjustment Is made, 
these two screws must a^ain be tightened before 
starting the machine. 



PORTABLE ELECTRIC 
POWER PLANE 

The portable electric power plane (fig, 4-28) 
is widely used for trimming panels, doors, 
frames, etc, K Is a precision tool capable of 
exact depth of cut up to 3/l6" on some of the 
heavier models. However, the maximim safe 
depth of cut on any model Is 3/32" In any one 
pass. 

The power plane is available as a complete 
unit or as an accessory for some routers and 
can be used to good advantage on anything a hand 
plane can be used on, except for surface planing. 

The power plane Is essentially a hlgjh speed 
motor which drives a cutter bar, containing 
either straight or spiral blades, at hl^ speed. 

Operating the power plane Is simply a matter 
of setting the depth of cut and passing the plane 
over the work. The stock being planed should 
be held in a vise, clamped to the edge of a bench, 
or otherwise firmly held after first making 
careful measurements of the piece, «4iere It Is 
to fit, and determlnli^ how much material has 
to be removed, Qieck the smoothness and \. 
stralghtness of all the edges. If a smoothing 
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Figure 4-28. — Portable electric power plane. 



68.21 2X 



cut is desired, make that first, then check 
the dimensions again. Make as many passes 
as necessary with the plane to reach the desired 
dimension, checking frequently so as not to 
remove too much. The greater the depth of the 
cut, the slower you must feed the tool into the 
work. Feed pressure should be enough to keep 
the tool cutting, but not so much as to slow it 
down excessively. Keep chips off the work, as 
they can mar the surface as the tool passes 
over them. 

The L-shaped base or fence of the plane 
should be pressed snugly ^^alnst the work when 
planing, assurii^ that the edge will be cut square. 
For bevel cuts, loosen the setscrew on the base, 
set the base at the desired bevel, and tighten 
the setscrew. 



PORTABLE ELECTRIC 
POWER BLOCK PLANE 

The power block plane (fig. 4-29) is simply 
a small version of the power plane. However, 
it can be used for surface cutting as well as 
edge cutting, but only where small amounts of 
material must be removed. 

In order to use the plane, grasp the plane 
as shown in figure 4-30* The index finger is 
used to actuate the switch. Next determine the 
grain direction of the stock and position yourself 
to cut with the grain. Start the plane, .\fter 
the plane has attained fuh speed, rest the forward 
part of the base firmly on the surface to be 
planed and slowly move the plane forv/axtl so 
the blade contacts the surface. Continue moving 
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Figure 4-29,— Power block plane. 
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Figure 4-30. — Using power block plane. 



the plane slowly across the surface without 
forcing it. Towards the end of the cut, apply 
greater pressure at the rear of the base so that 
the plane does not tilt and roll over the edge. 
Upon completion of planing» lift the plane clear 
of the work, before turning the switch off. 



SPRAY GUNS 

A spray gun is a precision tool that mixes 
air under pressure with paint, breaks it up Into 
s>>^.'y, and ejects it out in a controlled pattern. 

There are several ^es, either with a 
coi tainer attached to the gun or with the gun 
connected to a separate container by means of 
hoses. There are bleeder or non-bleeder, 
external- or internal-mix, and pressure-, 
gravity-, or suction-feed guns. 

The BLEEDER type of gun is one in whicdi 
air is allowed to leak— or bleed —from some 
part of the gun in order to prevent air pressure 
from building up in the air hose. In this type of 
gun the trigger controls the fluid only. It is 
generally used with small aircompressingoutfits 
that have no pressure control on the air line. 

The NONBLEEDER gun is equipped with 
an air valve which shuts off the air when the 
trigger is released. It is used with compressing 
outfits having a pressure-controlling device. 

An EXTERNAL-MIX gun is one which mixes 
air and paint outside and in front of the gun's 
air cap. This type of gun can do a wide variety 
of work and has the power to throw a very fine 
spray, even of heavy material. It also {permits 
exact control over the spray pattern. An 
external-mix air cap is shown In figure 4-81. 

An INTERNAL-MIX spray gun mixes the air 
and fluid Inside the air cap as pictured in figure 
4-32. It is not as widely used as the external- 
mix gun. 

In a SUCTION-FEED spray gun, the air cap, 
shown m figure 4-33 Is designed to draw the 
fluid from the container by suction— in somewhat 
the same way that an insect spray gun <^rates. 
The suotlon-feed spray gun is usttally used with 
1-quart (or smaller) containers. 

A PRESSURE-FEED gun operates by air 
pressure, which forces the fluid from the con- 
tainer Into the gun. This is the type (fig. 4-34) 
used for large-scale painting. 
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Figure 4-31. — An external-mix cap. 
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Figure 4-32.-- An Internal-mix air cap. 
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Figure 4-33,— A suction-feed air cap. 



FLUID TIP IS FLUSH 
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Figure 4-84.— A pressure-feed air cap. 



PARTS OF THE SPRAY GUN 

The two main assemUies of the spray gun 
are the gun body assembly and the spray head 
assembly. Each ofthese assemblies is a collection 
of small parts, all of Mdliich are designed to do 
specific Jobs. 

The principal parts of the gun body assembly 
are shown in figure 4-35. The air valve controls 
the supply of air and is operated by the trigger. 
The spreader adjustment valve regulates the 
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Figure 4-35. - Cross section of a spray gun. 



amount of air that is supplied to the spreader 
horn holes of the air cap, thus varying the paint 
pattern. It is fitted with a dial which can be set 
to give the pattern desired. The fluid needle 
adjustment controls the amount of spray material 
that pjisses throu^i the gun. The spray head 
locking bolt locks the gun body and the removable 
spray hv^ad together. 

Most guns are now fitted with a removable 
spray head assembly. This type has many ad- 
vantages. It can be cleaned more easily, it 
permits quick change of the head when you want 
to use a new color or material, ^cl* 
damaged, a new head can be put on the old gun 
body. 

The principal parts of the spray head 
assembly are the air cap, the fluid tip. fluid 



needles, and spray head barrel, pictured in figure 
4-36. 

The fluid tip regulates the flow of the spray 
material into the air stream. The tip encloses 
the end of the fluid needle. The spray head 
barrel is the housing which encloses the head 
mechanism. 

LUBRICATION OF 
THE SPRAY GUN 

Your spray gun also needs lubrication. The 
fluid needle packing should be removed occasion- 
ally and softened v;ith oiL The fluid needle spring 
should be coated with grease or petrolatum. 
Figure 4-37 shows where these parts are and 
also the oil holes In which you occasionally 
should put a few drops of light oil. 
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Figure 4-36. — Principal parts of the spray iiead. 
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Figure 4-37. — Lubrication points of a spray gun. 



SL R FACE PREPARATION 

Proper surface preparation is an essential 
part of any paint job; paint will not adhere well, 
provide the required surface protection, or pre- 
sent a good appearance unless the surface has 
been properly treated. Surface preparation con- 
sists of (1) thorough cleanir^ of the surface, and 
(2) such mechanical or chemical pretreatment 
as may be necessary. 

Wood 

Prior to painting, a wood surface should be 
closely inspected for loose boards, defective 
lumber, protruding nailheads, or any other de- 
fects or irregularities. Loose boards should be 
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nailed tight, defective lumber should berepl iced, 
and all nailheads should be countersunk, 

A dirty wood surface is cleaned for painting 
by sweeping, dusting, and washing with solvent 
or soap and water. When washing wood, take 
care to avoid excessive wetting, which tends to 
raise the grain. Wash a small area at a time, 
and rinse and dry immediately. 

Wood which Is to be given a NATURAL 
finish (meaning wood which vfill not be concealed 
by an opaque surface coating) may require 
I3LEACHING to a uniform and/or light color. 
Bleaching is done by applying a solution of 1 lb 
of OXALIC ACID to 1 gal of hot water. More 
than one application may be required. After the 
solution has dried, smooth the surface with fine 
sandpaper. 

Rough wood surfaces must be sanded smooth 
for painting. Mechanical SANDERS of various 
types are used for large areas. Hand-sanding 
of small areas Is done by wrapping the sand- 
paper around a rubber, wood, or metal SANDING 
BLOCK. For a very rough surface, start with 
a coarse paper, about No. 2 or 2 1/2; follow up 
with a No. 1/2, No. 1, or No. 1 l/2; and finish 
with about a No. 2/0 grit. For fine work, such 
as furniture work, finish with a still finer grit. 

Sap or resin in wood will stain through a 
coat, or even several coats, of paint. Remove 
sap or resin by scraping and/or sanding. Knots 
In rcfinous wood should be treated with a 
suitable KNOT SEALER. 

Weather and Temperature 

Oil-painting and water-painting should not 
lie done in temperatures above 95** or below 
45*. \'arnlshing, shellacking, lacquering, and 
e:;iimelfng should not be done In temperatures 
below 65" or above 95*. No painting except 
water-painting should be done on a damp surface, 
or on one which is exposed to hot sunlight. 

SPRAY METHOD 

Complete Instructions for the care, mainte- 
nance, and operation of a spray gun are contained 
In the manufacturer's manual, and these 
Instructions should be carefully followed. Only 
a few of the major spray-palntlng techniques 
can be gi 'en here, as follows; 

Spray Gun Adjustment 

The first essential Is the correct adjustment 
of the AIR CONTROL and MATERIAL CONTROL 
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screws, to produce the type of spray lest suited 
to the nature of the work. The air control 
screw adjusts the width and the density of the 
spray. Turning the screw clockvjrtse concentrates 
the material Into a round, more dense spray; 
turning It counterclockwise widens Uie spray 
into a fan-shaped, more diffused spray. As 
the spray is widened, the flow of material must 
be increased; if It is not, the spray will break 
into a fog. Turning the material control screw 
clockwise increases the flow of material; turning 
it counterclockwise decreases the flow. The most 
desirable character of spray (from round and 
solid to fan-shaped and diffused) depends upon 
the character of the surface and the type of 
material being sprayed. Experience and ex- 
periment are about the only guides here. Practice 
spraying should ix; done on waste material, using 
different practice adjustments, until a spi'ay Is 
obtained which covers uniformly and adequately. 

Operational Defects 
of the Spray Gun 

Uneven distribution of the spray pattern is 
caused by cloggii^ of one or more of the uir 
outlets or by Incorrect adjustment of the air 
and/or material controls. 

SPITTING is the alternate discharge of paint 
and air. Common causes of spitting are dryli^ 
of the packing around the material control 
needle valve, looseness of the material nozzle, 
and dirt In the material nozzle seat. To remedy 
dry packing, back off the material control needle 
valve and place two drops of machine oil on 
the packing. To remedy looseness of the material 
nozzle and dirt on the nozzle seat, remove the 
nozzle, clean the nozzle and seat with thinner, 
and screw the nozzle tightly back into place. 

AIR LEAKAGE from the front of the gun Is 
usually caused by Improper seating of the air 
valve in the AIR VALVE ASSEMBLY shown In 
figure 4-35. Improper seating may be caused 
by foreign matter on the valve or seat, by wear 
on or damage to the valve or seat, by a broken 
valve spring, or by sticking of the valve stem 
caused by lack of lubrication* 

PAINT LEAKAGE from the front of the gun 
is usually caused by improper seating of the 
material needle valve. Improper seating may 
be caused by damage to the valve stem or tip, 
by foreign matter on the tip or seat, or by a 
broken valve spring. 



Spray-Gun Stroke 

Figure 4-38 shows the correct method of 
stroking with a spray gun. Hold the gun 6 to 8 
in. froni the surface to be painted, keep the axis 
of the spray peiTiendicular to the surface, and 
take strokes back and forth in horizontal lines. 
Pull the trigger just after you start a stroke, 
and release it just before you finish the stroke, 
to ovoid applying too much paint at the starting 
and stopping points. 

Flgui-e 4-39 shows right and wrong methods 
of spraymg an outside corner. If you use the 
wrong method shown, a good deal of paint will be 
wasted Into the air. 

FIRE HAZARDS 

Certain general rules regarding fire and 
explosion hazards apply to all situations. All 
paint materials should have complete label In- 
structions which stipulate the potential fire 
hazards and precautions to be taken. Painters 
must be continuously advised and reminded of 
the fire hazards that exist under the particular 
conditions of each job, so that they will be 
aware of the dangers Involved and assure that 
the necessary precautions are taken and main- 
tained. Fire fitting equipment, of the proper 
type, m ist always be readily available in the 
paint shop, spray room and work areas where a 
potential fire hazard exists. Electric wiring 
and equipment installed or used In the paint 
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Figure 4-88. — Correct method of stroking with a 
spray gun. 
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Figure 4-39.— Right and wrong methods of spray- 
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shop, including stors^ room and spray room, 
must conform to the applicable requirements of 
the N&tional Electrical Code for Hazardous 
Areas. The following precautions against fire 
must be carefully observed by all paint-handling 
personnel: 

1. Prohibit smoking anywhere that paint is 
either stored, prepared for use or applied. 

2. Provide for adequate ventilation in all 
of these areas. 

8. Perform recurrent spray operations on 
portable items, e. g., signs, in an approved 
spray booth equipped with adequate ventilation, 
a water wash system for fume removal and 
explosion proof electrical equipment. 

4. Wet down spray booth surfaces before 
cleaning them. 

5. Use rubber feet on metal ladders, and be 
certain that personnel working in hazardous 
areas use rubber soled shoes. 

6. Use non- sparking scrapers and brushes 
to clean metal surfaces where fire hazards are 
present. 

7. Wet down paint sweepings, rags and waste 
with water, and store in closed metal containers 
until disposed of in an approved manner. Do not 
bum in heaters or furnaces. 

8. Extinguish all pilot lights on water heat- 
ers, furnaces and other open flame equipment 
on all floors of the structure being painted* Be 
sure to turn the gas valve off. 



9. When painting in confined areas near 
machinery or electrical equipment, open all 
switches and tag them to prevent their being 
turned on inadvertently. 

10. Be sure that all mixers, pumps, motors, 
and lights used in the paint shop, spray room 
or on the job are explosion proof and electrically 
grounded. 

11. Use pails of sand (never sawdust) near 
dispensing pumps and spigots to absorb any 
spillagf!! or overflow. 

12. During palnUng operations keep fire ex- 
tii^is ^ nearby. Be sure that toey are of 
the prop . type. 

18. Cneck ventilation and temperature regu- 
larly when working in confined areas. 

14* Consult with the electricians before paint- 
ing in areas where hi^ voltage lines and equip* 
ment are located. 

15. Keep all work areas clear of obstructions, 

16. Clean up before, during and after painting 
operations. Dispose of sweepings and waste 
daily. 

HEALTH HAZARDS 

A variety of ingredients used in the manu- 
facture of paint materials are injurious to the 
human body in varying degrees. While the body 
can withstand nominal quantities of most of 
these poisons for relatively short periods of 
time, continuous or over exposure to them may 
have harmful effects. Furthermore, continued 
ejqtosure to some may cause the body to be- 
c *me sensitized so that subeeqvent contact, 
even in small amsunts, may cause an aggra- 
vated reaction. To this extent, these materials 
are a very definite threat to the normally healthy 
individual and a serious danger to persons with 
chronic illnesses or disorders. These materials 
are divided into two major groups, i.e., toxic 
materials and skin irritating materials. 

Nevertheless, health hazards can easily be 
avoided by a common sense approach of avoiding 
unnecessary contact with hazardous materials 
aiKi by strict adherence to established safety 
measures. 



GLOSSARY OF TERMS 

The following definitions are of terms used 
in chapter 5. 

CHUCK— Any of the various devices for holding 
work in the lathe. 
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FALSE CHUCK — Sometimes applied to the facing 
material used In rechucklng a piece of work in 
the lathe. 



FEATHER EDGE — An edge of zero thickness. 

MULTIPLE SAWING— Duplicating a number of 
forms m one sawing operation by stacking the 
material. 



RE-CHUCKING— Reversing of a piece of work 
upon a faceplate so that the surface that was 
against the faceplate may be turned to shape. 

STAVED CONSTRUCTION— Attaching staves to 
polygon-shaped heads in the building of cylindrical 
bodies and also used for semicircular cavities, 

WARPING — Distortion of a board throuj^ the 
absorption or expulsion of moisture. Also applied 
to a casting drawn out of shape by uneven cooling 
of the metal. 
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CHAPTER 5 

WOODWORKING MACHINES 



Your Navy provides excellent training for 
those Patternmakers who are interested in be- 
coming skilled craft&men. Among other things, 
the Navy furnishes modern equipment to assist 
in performing duties efficiently and quickly. 
This chapter will help familiarize you with the 
more important types of machines. It also 
discusses safety precautions, general operating 
practices, and the necessary care of machines. 

In the operation of any motor-driven machine, 
safety cannot be over-emphasized. Just as you 
must be safety conscious at all times while 
driving an automobile, you must KNOW and 
FOLLOW all safety rules for operating power 
machines in the pattern shop. 

Under the heading "Basic Precepts" in the 
United States Navy Safety Precautions, OPNAV 
34P1, the following statement is made: 

"Most accidents which occur in non-com- 
batant operations can be prevented if the full 
cooperation of personnel is gained and vigilance 
is e}»rcised to eliminate unsafe acts," The 
supervisor of the shop (senior pet^ officer) 
has the direct responsibility for the proper 
maintenance of each and every piece of sh<^ 
machinery for the safety of personnel at the 
possible danger points so that they can be care- 
fully Safeguarded against. It is important that 
all shop machinery and equipment be properly 
maintained, and be used with intelligence and 
caution. It is therefore noted that wise personnel 
must understand the limits of the particular 
piece of machinery with which they are working 
to limit the danger to themselves and to others. 

The provisions set forth by American Safety 
Codes are used as guides setting up safety 
precautions and safety regulations governing 
woodworkii^ machines and equipment. The basic 
safety precepts that apply to all personnel in 
all types of activities are listed as follows: 

1, Report all unsafe conditions, shop ma- 
chinery and shop equipment. 



2, Observe all safety precautions and safety 
regulations. 

3, Wear protective clothii^ or equipment 
as applicable, 

4, Report all injuries and impaired health 
immediately, 

5, In the event of an unforeseen hazardous 
occurrence, each individual is expected to ex- 
ercise such reasonable caution as is appropriate 
to the situation. 

General regulations, operation instructions, 
and safety suggestions for the more common 
woodworking machines are given in the following 
sections. 



1, Always keep safety guards in proper 
working position v/hen operating machines. Ex- 
plain and enforce their use. 

2, Make all adjustments and tighten them 
before power is turned on, 

S, Remove all wrenches and loose tools 
from the machine before operating, 

4, Avoid distracting the attention of ai^one 
using a power machine, 

5, Keep the floor ar(Hind machines clear of 
waste and scrap.materials, 

6, Turn off all machines before leaving 
them, 

7, Before machining, inspect all lumber for 
nails, checks, metal chips, or loose knote, 

8, Report immediately any mechanical or 
I^ysical hazard that comes to your attention. 
Necessary repairs are to be made Ixy authorized 
personnel, 

9, Always leave a machine with ite table 
square and free of scrap. 

10, Whenever possible, keep out of the line 
of rotating cutters, 

11, When oiling machinery, properly secure 
and t£^ necessary switches, 

12, Back up thin or short stock with a push- 
block. 
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13. Avoid crowding the knives or blades as 
cxwding overloads the machine, 

14. Keep your hands and fingers from ex- 
tending over the edge of the stock. 

15. Wherever possible, keep your small 
finger on top of the fence while pushing stock, 

16. Store all power tool equipment in racks 
80 that the cutting edges and points are protected. 

17. Do not allow inexperienced per sonnel to 
operate any power equipment until they have 
been instructed concerning the hazards, the 
proper operation of such equipment, and the 
use of all protective devices. 

18. Maintain sufficient space between ma- 
chines to permit uncrowded and safe passage 
of personr.el and material. Where practical, 
lines must, be painted on deck to mark hazardous 
or operating areas. 

19. Provide adequate lighting at all times 
and avoid harmful glare, 

20. Provide non-skid strips on the deck at 
the operating station of each machine. 

21. All portable power tools must be 
grounded and should be inspected periodically. 

22. Cleaning of one's clothing or machinery 
with comoressed air is prohibited, except on 
machinery as required for special cleaning 
operations. 

23. Gloves should not be worn when one is 
operating machinery. 

24. (higgles or face shield must be worn while 
doing work wiiere dust or flying chips are a 
hazard to the eyes. 

26, Loose, flowing, or torn clothing, neck- 
ties, long sleeves, and rings or bracelets should 
not be worn around machinery. Snug fitting 
clothing should be worn, 

26, Guards must be kept in position at all 
times unless their removal is authorized. 

27. Switches of power equipment should be 
located so that the operator can control power 
without reaching across the work. 

Figure 5-1 shows a real life situation where 
the Patternmaker violated these safety rules; 
this carelessness led to the injury of a Seaman 
who was walking past the machine and slipped 
on the scraps of wood, 

THE VERTICAL BANDSAW 

The saws in the pattern shop are of great 
importance to the Patternmaker, In fact, one 
of them, the bandsaw (fig. 5-2), is perhaps the 
most important machine in the shop. If no other 
machine were in operating condition, the Pattern- 
maker could continue to produce patterns with 




29.137 (68) A 
Figure 6-1.— Safety hazards. 



the aid of the bandsaw and his bench tools. But 
without the bandsaw he would be severely 
handicapped. 

The bandsaw is used principally in the shop 
for sawing curves and irregular shapes. Its 
size is specified in terms of the diameter of 
its wheels. Thus the 30-inch model shown in 
figure 5-2 has 30-inch wheels. Other common 
bandsaw models are the 14-, 16-, 18-, 20-, 
24-, 32-, and 36-inch sizes. 

OPERATION OF BANDSAW 

Bandsaws are comparatively simple machines 
to operate. Each manufacturer publishes tedhnical 
manuals for each machine. Study these manuals 
and learn all the details of structure, operation, 
maintenance, and repair of the machine. 

One of the key parts of the bandsaw is its 
blade, which must be sharp and accurately set 
to cut in a straight line. The radius of the curve 
or circle to be cut determines the size of the 
saw blade to be used; use a narrow blade to cut 
curves of small radii. A l/8-inch blade will cut 
a 1-inch curve; a 8/l6-inch blade, a 1 l/2-inch 
curve; a l/4-inch blade, a 2-inch curve; and a 
3/8-inch blade, a 2 l/2-inch curve, provided, in 
each instance, that the teetli have the correct 
amount of set. 

The bandsaw table of the model illustrated is 
of ribbed cast-iron construction. The handwheel 
tilts the table up to 45 degrees to the right and 
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Figure 5-2.— A bandsaw. 



29.187(68)8 



down 10 degrees to the left. The table can be 
locked in the desired tilted position. 

The blade of the saw pictured in figure 5'-2 
runs in a fully enclosed metal guard. The blade 
is also protected at the front by a guard attached 
to the guidepost and by an adjustable shutter 
guard ^ich can be set close to the work. All 
moving parts are covered except that part doing 
the sawing between the guide and the table. The 



guidepost is adjustable vertically and can be 
locked in various positions by means of a knurled 
hand knob. The guides are of the frictionless 
ball-bearing type with one above and one below 
the table. The blade runs i^ainst the outer edge 
of a hardened steel v/heel which revolves tgainst 
ball bearings. The hardened steel guide.? are 
adjustable and prevent the blade from turning 
sidewise. 
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Before starting the saw, see that all adjust- 
ments are made properly and that the guards 
are in place. Clamp the top saw guide 1/4 to 1/2 
inch above the stock. This is to prevent the stock 
from springing the blade while cutting and also 
to permit the blade to follow the line better. 
Always make this adjustment before you do any 
sawing. If necessary, adjust the angle of the top 
saw wheel to make sure that the saw blade rides 
without pressure against the guide wheels. Check 
to see if the bottom surface of the stock is flat. 
If it wobbles, the work will be inaccurate and 
the saw blade may kink. Before turning on the 
power, make sure that everything is in correct 
working condition. The blade should be tensioned 
by adjusting the distance between the wheels. 

After turning on the power, be sure that the 
blade is operating at full speed before you start 
a cut. It is advisable to true up one face or edge 
of the stock before taking a cut with the saw. 
Also start the cut in the waste stock and do not 
crowd or cramp the blade. 

Keep the top guide down close to the work 
at all times. When sawing curves or outlines, 
guide the stock along the lines marked on the 
face of the board. If more than one piece is to 
be sawed, several can be sawed at one time by 
nailing them together. Drive the nails from the 
side on which the outline is marked so that they 
will be visible to the saw operator. Be careful 
not to exceed the rated capacity of the machine. 

Do not force the material too hard against 
the blade. A light contact with the blade will 
permit easier following of the line and prevent 
undue friction and overheating of the blade. 

By keeping the saw blade well sharpened, 
very little forward pressure will be required 
for average cutting. Move stock steadily against 
the blade but no faster than required to give an 
easy cutting movement. 

Avoid twisting the blade by trying to turn 
sharp corners. Remember that you must saw 
around corners. If you want to saw a very small 
radius, use a narrow blade. 

If you find that a saw cut cannot be com- 
pleted, it is better to saw out through the 
waste material to the edge of the stock than to 
back the blade out of the curved cut. This will 
prevent accidentally drawing the blade off the 
wheels. 

Saw just outside the marked Ifnes, being 
careful not to leave too much stock for removal 
later by a sanding machine or by hand. Always 
hold the wood being sawed with both hands. 
Keep your hands away from the blade and always 
push your work through with your hands out of 



line with the blade. Saw slowly at first until 
you have gained experience. Unless round stock 
can be fastened securely in a suitable V-block 
or other arrangement to prevent Its turning. It 
should not be cut on a handsaw or other power 
saw. Use a miter box and back saw. 

When cuttir^ curves, turn the stock carefully 
so that the blade will follow without twisting. 
If a curve is so abrupt that It seems necessary 
to back up and cut a new kerf, resist this 
temptation and cut out through the waste stock. 
Then replace the blade with a narrower one or 
one with more set. It is sometimes necessary, 
Viihen cutting very small radii, to do so with a 
series of tangents to the curve, and to finish 
by paring or sanding. 

If (he curvature of the outline to be cut is 
quit', sharp, saw kerfs In the waste stock before 
begiiwing the cut. See figure 5-3 which lllus- 
tra:es a method of cutting an Inside curve. 

Kerfing is done before starting to cut along 
thfc outline of the curve. Make as many kerfs 
as needed to break up the waste stock into 
sma\l pieces. When the blade reaches the outline, 
draw the stock straight back easily and slowly. 
After the kerfs have been completed, cut the 
curve carefully, starting at one end of the curve 
and following the outline without forcing the 
blade. 

You can also make beveled cuts (up to 45 
degrees) with the handsaw by tilting the saw 
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Figure 5-3.— Cutting straight kerfs with a band- 
saw. 

105 



ERIC 



PATTERNMAKER 8 & 2 



table to the desired angle. When making beveled 
cuts, you must be sure to place the stock on 
the tilted table so that the bevel will be cut 
in the proper direction. If you are not careful, 
it is very easy to make the mistake of cutting 
the correct angle but in the wrong direction^ 
Pay particular attention to the safe position 
of your hands. The saw path through the stock 
is at an angle and is very deceptive. The real 
danger is that the saw may pass out of the 
stock and into the hand at a lower level. After 
using a tilted bandsaw table» swing the table 
back to the 90-degree marker and lock it in 
position before leaving the machine. 

CAl SES OF BLADE 
intEAKAGE 



Any one of a number of conditions may 
cause a bandsaw blade to break. Breakage is 
unavoidable when it is the result of the peculiar 
stre<;ses to which such saws are subjected. The 
most common causes of blade breakage which 
may tie avoided by good judgment on the part 
of the operator are: (1) faulty alignment and 
adjustment of the guides; (2) forcing or twisting 
a wide blade around a curve of short radius; 
(3) feeding too fast; (4) dullness of the teeth or 
tlie absence of sufficient set; (5) excessive tension 
on the blade; (6) top guide set too high above the 
work being cut; and (7) using a blade with a 
lumpy or improperly finished braze or weld. 
When a saw blade breaks, shut off the power 
immediately and then wait until the wheels stop 
turning i)efore replacing the blade. 

MAINTENANCE 
OF BANDSAW 



It is very important that regular lubrication 
be given a bandsaw to ensure better service 
and longer life. The motor bearings have oil 
reservoirs supplied with oil cups, one cup for 
each bearing. The upper wheel bearings are 
lubricated from an oil cup which feeds a large 
oil reservoir extending from bearing to bearing. 
These oil cups should be checked daily and a 
small amount of oil added when necessary. The 
saw guide spindles are lubricated by an oil cup 
in the back end of each saw guide shaft. The 
table rocker seats and the tilting mechanism 
for this table should have a small amount of 
oil applied to them at Intervals of about one 
month. 



SAFETY RULES 

1. Before starting the machine, inspect the 
Uu-ust guide wheels for proper relation to the 
back edge of the saw blade. 

2. Do not allow anyone to stand close to and 
in line with the saw wheels while the saw is in 
motion. 

3. Adjust the saw guide to 1/4" to l/2*« 
above the stock to toe cut. Do not attempt to 
raise or lower the guide while the saw is In 
motion. 

4. On hearii^ a clicking or knockii^ sound 
at the saw guide, stop the machine immediately 
and inspect the e itire saw blade for cracks. 

5. Avoid excessive twisting of the blade 
when making a circular cut. 

6. All work to be sawed should have a good 
stable contact with the saw table. Fasten pat- 
terns securely to the supporting stock. 

7. When a saw blade breaks, shut off the 
power Immediately and WAIT until the wheels 
stop turning K)efore removing stock. 

8. Cutting cylindrical stock Is dangerous. 
However, it may be done safely if you secure 
all cylindrical work with a clamp or jig before 
cutting. 

9. Never push work with your hand in line 
with the saw blade. 

10. If the saw blade binds, give the blade 
more set or use a wedge in the saw kerf. 

11. Plan cuts so that small pieces will not 
pass through the opening in the saw table and 
be carried around the wheel between the blade 
and the rubber tire. 

12. To tilt the saw table, unlock the tilting 
cradle and turn the handwheel until the desired 
angle is indicated on the gage. 

13. In a sawing operation that requires tilt- 
ing the saw table, pay particular attention to 
the safe position of the hands. The saw path 
through the stock Is at an angle and deceptive. 
The real danger Is that the saw may pass out 
of the stock and Into the hand at a lower level. 

14. After usii^ a tilted saw table, swing the 
table back to the 90* marker and lock It In 
position before leaving the machine. 

15. When a heavier than normal pressure 
is required to advance the stock Into the san% 
it indicates a dull blade. Stop the machine utA 
have a new blade fitted Immediately. 
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REPAIRING BANDSAW 
BLADES 

BANDSAW teeth ai'e shaped like the teeth in 
a hand ripsaw, which means that their fronts 
are filed at 90° to the line of the saw. Re- 
conditioning procedures are the same as they 
are for a hand ripsaw, except that very narrow 
handsaws with very small teeth must usually 
be set EOid sharpened by special machines. 
Although, it is recommended that all bandsaw 
blades be butt welded as this method is more 
effective. A broken bandsaw blade may be 
BRAZED when no accessory welder is available. 
The procedure for brazing follows: 

1. SCARF the two ends to be joined with a 
file, so that they may be joined in a SCARF 
JOINT as shown in figure 5-4. 

2. Place the ends in a brazing clamp, or 
some similar device which will permit them to 
be brought together in perfect alignment, 

3. Coat the filed surfaces with soldering 
flux. 

4. Cut a strip of silver solder the length of 
the scarf and the width of the blade. Coat it 
with flux and insert it between the filed sur- 
faces. 



5. Heat a pair of brazing tongs (like those 
shown in fig. 5-4) bright i*ed and clamp the 
joint together. The red-hot tongs will heat the 
blade und melt the solder. Keep the tongs clamped 
on the joint until they turn blac' . 

6. Smooth the joint on both sides with a flat 
file, and finish it with fine emery cloth. 

Figure 5-5 shows band ends being joined by 
using a butt welder. Equipment of this type is 
found on tenders and repair ships. The entire 
procedure for joining follows: 

1. Trim both ends of the band square; clean 
them thoroughly. Butt the ends together in the 
jaws of the welder; make sure that the ends 
are aligned and that the seam is centered be- 
tween the welder jaws. First, set the resistance 
knob to agree with the dial for the width of band 
you are going to weld. Then, press and hold 
the WELD button until the blade ends fuse to- 
gether. Let the weld cool for a few seconds and 
then press the ANNEAL button until the welded 
area heats to a dull cherry red. Hold the 
welded area at that temperature momentarily 
by jogging the button, and then allow the tem- 
perature to fall off slowly and gradually by 
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Figure 5-4.— Rejoining a broken bandsaw blade. 
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Figure 5-5. — Butt welder-grinder unit. 



increasing the time between jogs. (Allow about 
ten seconds for this last phase.) 

2. After the band has been annealed, take it 
out of the welder jaws and grind the weld bead 
with the small grinder. Grind the weld area to 
the same thickness as the rest of the band. Check 
the back edge oi the band for burrs and mis- 
alignment; grind off irregularities. After the 
grinding is completed, place the band in the butt 
welder and re-anneal the welded area to destroy 
any hardness which may have developed during 
the grinding. For additional information on a 
butt welder, see the technical manual furnished 
with each machine. 



CIRCULAR SAWS 

The circular saw is one of our oldest forms 
of power machinery. It is also one of the most 
useful machines in the shop since it makes 
possible a great variety of machine operations. 
These operations include ripping, crosscutting, 
and cutting bevels, chamfers, and grooves. 



There are two general types of circular 
saws: radial arm and table saws, 

TABLE SAWS 



Several types of table or bench saws are 
available, such as (1) single arbor, (2) double 
arbor, (3) tilting table, or (4) tilting arbor types. 
The SINGLE ARBOR saw is adaptable to a 
wide variety of woric, such as ripping, cross- 
cutting, mitering, beveling, and grooving. It is 
necessary to change blades for ripping or cross- 
cutting. The DOUBLE ARBOR saw permits the 
mounting of a ripsaw blade on one arbor and a 
crosscut blade on the other. This feature enables 
you to change quickly from ripping to cutoff 
work. 

Figure 5-6 shows a single arbor variety 
saw. A 16-inch model will cut stock up to 
4 1/8 inches thick and an 18-Inch model will 
cut up to 5 1/8 inches. The blade can be easily 
raised or lowered by a handwheel at the right- 
hand comer of the machine. The machine is 
of the fully enclosed type with a cabinet frame 
that encloses the blade and the other operating 
mechanism under the table. The larger models 
are provided with a splitter or spreader guard 
and an automatic saw guard for guarding the 
blade above the table. The table can be tilted 
to any angle up to 45'. This feature Is especially 
useful in cutting bevels. A handwheel with worm 
and gear mechanisms is used for tilting the 
saw table. A scale and clamp held in setting 
the table and holding it firmly at a desired 
position. This saw is especially dangerous to 
use when the table is tilted, because sawing 
may require the removal of the saw guard and 
because the operator is forced to work in an 
awkward position. There is also the danger of 
the fence working loose and sliding down the 
tilted table into the revolving saw blade. To 
avoid such accidents, work with the fence in a 
position downhill from the blade. The TILTING 
ARBOR saw is an improvement over the tilting 
table saw. In these newer type saws the table 
remains stationary and the blade and arbor can 
be tilted up to 45', The same rules of operation 
and maintenance apply to both tilting table and 
tilting arbor saws. The same gages, blades, and 
miscellaneous equipment are used. 

Many types and sizes of saws are available 
but all are designed principally for cix>s6cutting 
or ripping wood. In addition, such jobs as 
dadoing, rabbeting, splinlng, tenoning, and 
grooving are easily done on the circular saw. 
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Figure 5-6. — A single arbor variety saw. 



A light-duty, tilting-arbor circular saw is 
shown in figure 6-7. This machine carries a 
lO-lnch blade mounted on a tilting shaft. The 
CRANKWHEEL shown at the left Is turned to 
change the angle of the saw blade with the 
table top. The angle is Indicated on the SCALE 
at the front. The FRONT CRANK Is turned to 
change the "depth of cut" adjustment of the 
blade. LOCKING KNOBS on each crankwheel 
are provided to secure the adjustment once it 
is established. 

The RIPPING FENCE, shown on the SAW 
TABLE at the right, can be used on either 
side of the blade for ripping, rabbeting, groov- 
ing, tenoning, and other operations. Avoid 
dropping or springing this fence; it must be 
kept parallel to the saw blade. The SUPPING 
CUTOFF GAGE Is shown on the table at the 
left. It is used for crosscutting, mltering, 
tenoning, and dadoing. The RODS attached to 
this gage at the left serve as a guide for length 
m cutting duplicate pieces. 

The blade SAFETY GUARD, secured at the 
back center of the table, covers the blade and 
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Figure 5-7.— Light duty, tilt arbor circular saw. 



109 



ERIC 



PATTERNMAKER 3 & 2 



provides a KERF (cut) SPLITTER for ripping. 
The guard prevents the kerf from closing and 
jamming the blade. Also incorporated in this 
assembly is a mechanism which prevents pieces 
going throu^ from being kicked back toward 
the operator by the fast-moving blade. 

DO NOT REMOVE THE SAW GUARD. The 
guard won't protect your fingers if it is hai^ng 
on the bulkhead or is stowed in a locker. Use 
It and the chances will be better for you to keep 
five fingers on each hand. 

A heavier bench saw is shown in figure 5-8. 
This machine carries a 14- or 16-inch blade 
and is usually powered with a 3- to 5-horsepower 
electric motor. The saw has a tilting arbor, a 
rolling or sliding left table for cutoff work, 
and a fine micrometer-adjustment ripping fence 
to the rig^t. 

Operation of Table Saws 



Operating a single arbor saw appears to be 
a very simple job, but do not fool yourself. 
Observe all the directions for safe operation. 
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Figure 5-8.— A 16-inch circular bench saw. 



Squaring the ends of stock Is one of the main 
uses of the crosscut saw. Before starting the 
machine, see that all movable parts are clampeti 
securely, and that the table surface is at right 
angles to the blade. The ripping fence should be 
moved to the right of the table or removed 
entirely. For all simple cutoff sawing, have the 
guard in place over the blade. 

Hold the stock securely gainst tne miter 
gage. Several pieces may be cut at ore time, 
up to the capacilry of the machine. 

Before squaring the second end, lay off the 
desired finished length of stock along the table. 
Measure from the left cutting edge of the blade, 
and clam? a stop rod in the slot of the universal 
or miter gage at the desired finished length. 
When handling long stock, remove the ripping 
fence from the table. Push the stock against 
the blade and cut to the finished leneth. (See 
fig. 5-9.) 

The easiest operation with the circular saw 
is simple ripping to width. While setting the 
circular saw for ripping, raise the saw guard 
and, if practicable, swing it out of the way. 
Attach a ripsaw on the arbor, or, if you are 
using a double arbor saw bring the ripsaw into 
position. Raise or lower the saw table or saw 
as necessary so that the blade does not project 
more than l/8 to 1/4 inch above the top of the 
stock. Set the clamp so that the table or arbor 
cannot move. 

Set the ripping fence according to the scale 
on the table. After the fence is locked in position, 
make a final check of this adjustment with a 
steel rule. The fence should be away from the 
saw for a distance slightly greater than the 
desired width of the finished stock. The slight 
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Figure 6-9.— Crosscutting with a circular saw. 
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extra width, I/16 to 1/8 inch, is to allow for 
finishing the ripped edge on the jointer. When 
very accurate setting? are desired, use the 
micrometer adjustment on the fence. Be sure 
that the fence carriage is resting In the locating 
holes, and that it is securely fastened to the 
table. See that the thumbscrews which hold the 
fence in position are set and that the fence is at 
ri^t angles to the table surface. Also see that 
the table is square and at rigjit angles to the 
blade and that the guard is in position over 
the blade. 

Standing at the left of the lumber, pluje its 
straightedge against the fence and feed it against 
the blade. Use a push stick, as shown in figures 
5-10 and 5-11, when ripping stock into narrow 
strips. The push stick should be long enough 
to extend well above the fence, and deep enou^ 
to hold the stock securely on the table. When 
narrow strips are ripped, set the blade to project 
1/8 to 1/4 inch above the stock. 

Another special use of the circular saw Is 
concaving the face of flat stock in staved pattern 
construction. See figure 5-12. 

First adjust the height of the blade for the 
required depth of cut. Then swing the fence or 
straightedge to the proper angle for the required 
width of cut. Because the stock is fed into the 
blade at an angle, you must be especially careful 
not to crowd the blade. 

Maintenance of Table Saws 

Little lubrication care Is required for circular 
bench saws. Most of these machines are 
equipped with hl^-grade ball bearings lubricated 
with grease or oil. Too much oil or grease is 
as bad for the motor as too little. Oil or grease 
should never come in contact with the motor 
windings. The lubrication instructions of the 
manufacturer must be carefully followed. 

The motors should be blown out at least 
once a week to prevent an accumulation of 
sawdust from closing up the ventilating openings. 

Typical uses of circular saws are shown in 
figures 5-9 and 5-10. Note that the guards have 
been intentionally removed in these illustrations 
to show you the details of the particular operation. 

RADIAL SAWS 

Figure 5-13 Illustrates one of the circular 
saws, the RADIAL ARM saw» that you may find 
in your shop. It is used to cut rou|^ stock to 
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Figure 5-10. — Ripping narrow stock with a push 

stick. 
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Figure 5-11.— Push sUoks for rippiqg. 




Figure 6-12.— Using the oiroular saw to concave 
the face of a stave* 
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Figure 5-13. — A radial arm saw. 
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convenient lengths. The radial arm saw is 
usually selected for the initial cutting of the 
pattern lumber. It is especially useful in making 
many special cuts, such as miter, and bevel, 
compound miter and angle cutoff, figure 5-14. 
The same can also be used for shaping, grooving, 
rabbeting, and routing as shown in figures 5-15 
through 5-19. 

One feature of a radial arm saw is the roller 
arrangement , in the top arm that permits the 



moving of the carriage. It is possible to move 
the carriage and cut through material, and to 
lock the arm at any angle. A handcrank enables 
you to raise or to lower the top arm. 

Operation of Radial Saws 

Before you operate a radial arm saw, clean 
all dust and dirt from the saw and table. The 
normal position of the blade is for the strai^t 
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COMPOUND MITER CUTTINC 




MITER CUTTINC 
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44.62a33E)E 

Figure 5-15. — Shaping with the radial arm saw. 




44.62(1 33E)C 

Figure 5-16.— Grooving with the radial arm saw. 



SEVEL RIPPING 
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Figure 6-14.— Saw cutting with the radial arm 44.82a33E)D 
* gawf Figure 5-17.— Rabbeting with the radial arm saw. 
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I'iRure 5-18. - Houting with the rudial arm saw. 




44.62(68)A 

Figure 5-19. — Crosscutting with a radial arm 

6aw. 



cutoff, where the blade is pulled from the rear 
to the front across the wood. The wood is placed 
on the table top with one edge resting against 
the guide fence. For ripping operations, the wood 
is placed flat on the table against the guide 
fence and is fed by hand to the blade. 

The arm may be set at any desired angle for 
angle cutting. For ripping and ploughing, the 
blade may be pulled out to the end of the arm 
and locked in position between the guide strip 



and the motor. In this operation, tlie wood is 
pushed along the guide strip from the side 
opi)OSitc the red warning sign on the guard 
:i!ul ititt) thv blade. For beveling, shaping, and 
routing, the motor may \)e tilted and locked at 
any angle. 

For straight crosscutting, place the arm of 
the saw at a right angle to the guide fence by 
setting the miter latch in the column slot at the 
zero position. Lock the arm witli the arm-clamp 
handle. Place the material on the worktable, 
against the guide fence, and make the cut. (See 
fig. 5-19.) Then return the saw blade to a position 
l>ehind the guide fence. 

For ripping, the arm must be clamped in 
crosscut position. l\ill the entire motor carriage 
to the front of the arm. Then, lift the rip latch, 
release the swivel-clamp handle, and i-evolve 
the motor yoke under its carriage. There are 
holes in the yoke to receive the rip latch and 
hold the motor in ripping position^ Using the 
rip scale on the arm, locate the position you 
desire, lock the swivel clamp, and secure the 
rip lock on the arm. Adjust the safety guard so 
the infeed end almost touches the material. 
Lower the kickback device on the opposite end 
so ti*e sharpened points rest on the lumber. 
Keep the lumber t^^ainst the guide strip and 
feed it evenly into the saw blade. (See fig. 6-20.) 
Do not feed the lumber into the kickback end 
of the Saw guard. 
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Figure 5-20. — Ripping with a radial arm saWt 
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Maintenance of Radial Saws 

Periodic cleaning, gi^asing, and oiling of 
all moving parts are necessary, Kach morning 
before starting operations with the radial arni 
saWp you should clean the tracks inside the arm 
by wiping. Occasionally, clean these tracks with 
a lacquer thinner to remove grease and dirt. Do 
not oil or grease the tracks or the roller head 
bearing under any circumstances. Once a month, 
oil the elevating screw of the column and the 
elevating gear shaft of the arm. A small amount 
of lig^t lubricating oil should be applied once in 
a while to the miter and swivel latches and to 
the arm clamp handle. Never lubricate the motor 
or the roller carriage. 

Safety Precautions 

These ar^; the most important OPERATING 
PRECAUTIONS for the radial arm saw: 

1. The electrical current being used should 
agree exactly with the specifications on the 
motor* 

2. All clamp handles should be properly 
tightened before you operate the machine. 

3. For all operations, adjust the guard down 
to the material. 

4. Before starting to cut, be sure that the 
wood rests against the guide strip. 

5. Before changing any setup, stop the saw 
blade. 

Safety Rules for 
All Circular Saws 

1. Before starting the machine, inspect the 
condition and type of blade in the saw. It is 
extremely dangerous to attempt to use a dull 
blade. 

2. Use a crosscut blade for cross cutting 
only and a rip blade for ripping only. Use the 
proper fence for each operation. 

3. Stop the saw before adjusting the fence 
or guide. Lock the fence frame firmly to the 
saw table. 

4. The hei^t of the saw above the table 
should equal the thickness of the stock plus 
l/8»' to l/4^ 

5. Before attempting to cut stock on the 
saw, run the stock over a jointer to establish 
a true straight edge from >^ich to work. 

6. Inspect the machine area for obstructions 
that would interfere with the passage of the 
stock through the saw. 



7. Be sure that the exhaust system is in 
operation and the exhaust duct is open. 

8. Always use a wood push-stick when rip- 
ping narrow or thin stock. 

9. When returning stock, use a sweeping 
motion to the right or left; keep the stock 
entirely clear of the blade. 

10. Secure cylindrical work in a jig designed 
to suit the particular needs. 

11. When sizing, use two cuts, each halfway 
up, rather than one cut all the way throu^ the 
stock. 

12. Ask for help when sawing large stock. 

13. Never reach over and pull work through 
the saw. 

14. Stand to the left of the saw allowing 
clearance for any stock that might be kicked 
back. Use antl-kickback dogs. 

16. Use the guard at all times unless the 
nature of the work does not permit guard use. 

16 Do not stack material to be cut on the 
saw table. The pieces of stock mi^t accidentally 
come in contact with the saw blade and be 
thrown violently at the operator. 

17. All saw work must have a good firm 
table and fence contact. Maintain firm control 
of the stock at all times. 

18. Inspect all surfaces of the stock for 
nails, screws, metal clips, or particles of em- 
bedded sand before cutting. 

19. Bring the saw blade to a full stop before 
Clearing the table of small scraps. 

20. After using the saw, stop and lower the 
blade below the table before leaving the machine. 

21. If the saw was set for angle cuttlngg 
swing it back to 90*" and lower it below table 
level before leaving the machine. 

22. Inspect the crosscut miter unit •to see 
that it slides freely in the table groove. Lock 
the miter head securely in place before using. 



CIRCULAR SAW BLADES 

Figure 5-21 illustrates four distinct types of 
saw blades employed on circular saw benches. 
Each has a particular shape of tooth and gullet. 
The four types are: 

1. Circulax ripsaw blade, with a standard 
tooth arrangement that is best for general 
purpose ripping of both hard and soft woods. 
(See part A of fig. 6-22.) 

2. Circular crosscut saw blade, the tooth 
and gullet shape illustrated in part B of figure 
6-22 is best for general purpose crosscutting. 
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U Kip Blade 3. Miter Blade 

2, Crosscut Wade 4. Combination Blade 

Figure 5-21. — Circular saw blades. 



3. Miter saw blade, with the cutting teeth 
shaped and sharpened much the same way as 
standard crosscut saw teeth. The precision miter 
saw is usually employed on a single arbor 
variety saw bench. 

4. Combination rip and crosscut saw blade^ 
which serves for both ripping and crosscutting. 
(See part C of fig. 5-22.) 

The correct circular blade^ properly jointed^ 
set, gummed, and filed will cut cleanly. On the 
other hand, if the teeth are dulU they will merely 
scrape or burn tlieir way throu^p leaving a 
rough, ragged, sawed surface; axrf there is the 
attendant danger of overheating and softening 
the blade. If soms teeth are unevenly set, there 
will be marks or scratches and the rou|^ess 
may require much planit^ for Ihe final finishing. 
Sometimes a dull blade will cause the motor to 
stall. Some saw blades are manufactured as 
•'hollow-ground** blades. These are usually more 
expensive than conventional blades but they 
produce a smf>other cut. 

Direct motor-drive saws may run at 3,600 
rpm* Unless properly tensioned for this hig^ 




COMBINATION SAW TEETH 



c 

Figure 5-22.— Correct tihapes of circular saw 

teeth. 29.15(68) 
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Bpeed, the blade wtll not stand straight, but will 
vibrate and wobble. A saw blade containing 
high spots, ridges, bends, or twists will over- 
heat, l)ecome distorted and burn in spots, thus 
impairing its temper. Portions of the blade 
will show black on one side, while on the opposite 
side the hi^ spot will stand out. brightly polished 
by frictional contact in the cut. 

Saw blades must be given the same care 
ac other edged tools, such as chisels and boring 
bits. To givw good results, a blade must be 
properly tensiored. Jointed, set. sharpened and 
gummed, and protected from dams^ in handling 
or stowage. 

There are several rules for the PROPER 
TARE of circular saw blades: 

1. Keep the saw sharp. 

2. Use an automatic saw filer or a circular 
saw filing vise and saw files to sharpen blades. 
Most cracks in a circular saw are caused by 
sharpening with a sharp-cornered file. 

3. In filing, maintain the original shape of 
the teeth. 

4. Joint the blade as often as is necessary. 
A blade out of rpund is out of balance. 

5. Do not allow a blade to become coated 
with pitch or gum as it will cause a blade to 
heat in spots and ruin its usefulness. Clean 
with kerosene or any other approved solvent. 

6. Do not overfeed the blade. Crowding a 
saw blade beyond capacity produces bad work 
and also places a strain on both the blade 
and motor. 

7. Do not strike the teeth of a blade against 
the saw table or other metal objects. The saw 
blades are made of a steel which is soft enough 
to be filed; therefore, the delicate points and 
edges of the teeth are easily injured by contact 
with other metal. 

JOINTING a circular saw is done when w?ar 
and repeated sharpening have caused the points 
on the saw to become out of round. The procedure 
for jointing a circular saw is as follows: 

1. Obtain a piece of an old grinding wheel. 

2. Secure the saw blade on the saw arbor in 
the reverse position (points of the teeth toward 
the rear of the table). 

3. Adjust the saw so that the teeth extend 
slightly above the table. 

4. PUT ON GOGGLES. 

5. Start the saw. place the piece of grinding 
wheel flat on the table, and move it toward the 
revolving teeth until the higher points begin to 



strike the stone. Move the stone gradually further 
until the sound indicates that all the points 
are striking. Stop the saw and examine the 
points. When vvvry point shows u bright spot, 
jointing is completed* 

Gummir^ is done when wear and repeated 
sharpenlngs have caused the gullets to become 
too shallow. The first step Is to lay out the 
shapes of several teeth on the saw as shown in 
figures 5-23 and 6-24. For a ripsaw (fig. 5-23), 
draw a circle on the saw with a diameter equal 
to one-half that of the saw. and draw a line from 
each point tangent to the circle. This line 
indicates the correct angle for the front of the 
tooth. Lay off the correct angle for the top of 
tht- backslope (10*, as shown in part A of fig. 
5-22), and draw In the gullet until It looks 
about right. Draw a circle (the GUM LINE shown 
in fig. 6-23) through the bottom of the gullet 
and all the way around the saw, to indicate the 
cc 'r3ct gullet depths of all the teeth. 

A crosscut saw is marked for gtimming as 
shown in figure 5-24. Draw two circles on the 
saw. one with a diameter equal to one-quarter 
of that of the saw, the other with a diameter 
equal to three-quarters of that of the saw. A 
tangent drawn from the smaller circle to the 
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Figure 5-23. — Laying out ripsaw teeth. 

117 



ERIC 



PATTERNMAKER 3 & 2 




point of each tooth gives the line of the front oi 
the tooth; a tangent drawn from the larger circle 
to the point of a tooth gives the line of the 
backslope of the tooth. Make the gum line circle 
large enough to run a little above the points of 
intersection of fronts and backslopes» to allow 
for a slight rounding of the gullet, A gullet 
which is filed to a corner has a tendency to 
crack at the corner* 

In a combination saw the rip or raxe^ teeth 
are shaped like ripsaw teeth and ^he other 
teeth are like crosscut saw teeth, as shown 
in part C of figure 5-22. 



THE JIGSAW 

The Jigsaw or scroll saw, figure 5-25, has 
developed a great deal from its early days. The 
old types were usually operated by foot-power 
and were very crude. The modern jigsaw is a 
very efficient motor-driven machine used prin- 
cipally for cutting out enclosures. 

Some mcdels have a table that tilts rl^t, 
left, and front. This permits sidewise cutting 
as well as strai^t cutting. This saw is capable 



68,15 

Figure 6-25, — A jigsaw. 



of using several different blades, files, and 
sanding drums. It cuts stock up to 1 3/4 inches 
thick« 

Some jigsaws have a variable speed control 
so that the operator may select any speed from 
approximately 650 to 1,700 cutting strokes per 
minute. The ball crank under the table controls 
the speed so that the blade can be run at hl^ 
speed for fast, fine woiic; at low speed for heavy 
work; and at any speed between, 

OPERATION OF JIGSAW 

The chief advantage of the jigsaw is that 
internal cuts may be made by putting the blade in 
a starting hole. This is not easily accomplished 
with handsaws. 

Before the cutting is started, bore a hole in 
the area to be cut out. The hole must be large 
enough for a blade to go through easily. If a 
sharp curve is to be cut, select a narrow blade. 
Place the blade through the hole in the stock and 
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into the jaws of the lower chuck. Tighten the 
clamping screw in the lower chuck until the blade 
is held securely. Lower the upper plunger until 
the saw blade can be inserted into the jaws of 
the chuck, then tighten the clamping screwy Test 
the tension of the blade by moving the saw by 
hand* If the blade buckles, increase the tension. 
Adjust the top guide so that it is just above 
the stock, allowing the blade to rub gently against 
the rear of the slot. Now you are ready to start 
the machine and begin cutting. Hold down on the 
stock and push *t steadily against the blade, 
cutting on the outline of the enclosure. Do not 
crowd the blade. When you have cut out the en- 
closure, stop the machine, loosen the clamping 
screws and take out the saw blade, then remove 
the stock* 

SAFETY RULES 

1, Jigsaw blades cut on the downward stroke 
only. Saw teeth face downward. Be sure that 
the blade is not inserted in the machine in an 
inverted position, 

2, Select the proper size (width) of blade 
to suit the job, taking into consideration the 
thickness of the stock and the radius to be cut, 

3, Adjust the saw guide as close as possible 
to the work to prevent the work traveling up and 
down with the saw blade, 

4, Keep both hands firmly on the work during 
the entire cutting operation, 

5, Do not force the blade to cut a sharper 
radius than it is designed to cut, 

6, Stop the motor, using both the foot pedal 
and the pushbutton switch before attempting to 
clear internally cut free stock, before relocating 
the saw blade in the work, changing saw blades, 
cleaning the table surface of scrap materials, 
and on completion of the use of the machine, 

7, Round stock may be cut on the jigsaw 
only when an adequate supporting jig has been 
provided to hold the stock firmly and to prevent 
its turning. 



LATHES 

The LATHE is without question the oldest of 
all woodworking machines. In its early form. 
It consisted of two holding centers with tlie 
suspended stock being rotated by an endless 
rope belt. It was operated by having one person 
pull on the rope hand-over-hand while the 
cutting was done by a second person holding 



crude hand lathe tools on an improvised beam 
rest 

The actual operations of woodturning per- 
formed on a modern lathe are still done to 
a great degree with woodturner's handtools. 
However, machine lathe work is coming more 
and more into use with the Introduction of 
newly designed lathes for that purpose. 

TYPES OF LATHES 

The lathe is used in turning or shaping round 
billets, drums, disks, and any object that re- 
quires a true diameter. The size of a lathe is 
determined by the maximum diameter of the 
work it can swit^ over its bed. There are 
various sizes and types of wood lathes, ranging 
from very small sizes for delicate work to large 
surface or "bull lathes" that can swing jobs 
15 feet in diameter. 

Figure 5-26 illustrates a type of lathe that 
you may find in your shop. It is made in three 
sizes to swing 16-, 20-, and 24-inch diameter 
stock. The lathe has four major parts: (1) bed, 
(2) headstock, (3) tailstock, and (4) toolrest. 

The lathe shown in figure 5-26 has a bed of 
iron and is usually 8 or 10 feet lorg. It can be 
obtained in any other length desired. The bed 
is a broad flat surface that supports the other 
parts of the machine. 

The headstock is mounted on the left end of 
the lathe bed. All power for the lathe is trans- 
mitted through the headstock. It has a fully 
enclosed motor that will give a variable- speed 
spindle (from 600 to 3,600 rpm). The spindle 
is threaded at the front end to receive the 
faceplates. A faceplate attachment to the fnotor 
spindle is furnished to hold or mount small 
jobs having large diameters. There is also a 
flange on tlie rear end of the spindle to receive 
large faceplates, which are held securely by 
four stud bolts. 

The tailstock is located on the rig^t end of 
the lathe and is movable along the length of the 
bed. It supports one end of the work v/hile the 
other end is being turned by the headstock spur. 
The tail center may be removed from stock 
simply by backing the screw. The shank Is 
tapered to automatically center the point. 

Most large sizes of lathes are provided with 
a power-feeding carriage. A cone-pully belt 
arrangement provides power from the motor, 
and ways are cast to the side of the bed for 
sliding the carriage back and forth. All machines 

119 



ERIC 



PATTERNMAKER 3 & 2 



HEAOStOCK LIVE CENTER 



POWER OftlVFN 
CARRIAGE FEED 



TOOL REST OEAO CENTER 
AND HOLDER 




HANDWHEEL 
FOR ADJUSTING 
DEAD CENTER 




CARRIAGE 
BED 




FACEPLATES 



Figure 5-26^ — A woodturning lathe with accefisoiies* 
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have a metal bar that may be attached to the bed 
of the lathe between the operator and the work. 
This serves as a handtool rest and provides 
support for the operator in guiding tools along 
the work« It may be of any size and is adjustable 
to any desired position. 

The Patternmaker's large gap lathe shown in 
figure 5-27 is especially useful in turning large 
diameter work# The gap may be extended to 
take work of different sizes« 




LATHE TOOLS 

In lathe work, wood is rotated against the 
special cutting tools illustrated in figure 5*28« 
The specisd lathe tools include turning gouges; 



28.69(68) BX 
Figure 5-27» ~ Patternmaker's gap lathe» 
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A. Turning gaxige D. Round-nose chisel 

B. Skew chisels E. Square -nose chisel 

C. ParUng tool F. Spear-point chisel 



which have l)een gix)und to the required shape; 
the wood handles for these homemade chisels 
are not shown In the Illustration* 

A toothing iron Is basically a square-nose 
turning chisel with a series of parallel grooves 
cut Into the top surface of the Iron* (See fig. 
5'-29.) These turning tools are used for rough 
turning of segment work mounted on a faceplate. 
The points of the toothing iron created 1^ the 
parallel grooves serve as a series of spear- 
point chisels; therefore, the tool Is not likely 
to dutch and dig Into the work like a square- 
nose turnli^ chlseK The toothing Iron Is made 
with coarse, medium, and fine parallel grooves 
and varies from l/2 inch to 2 Inches in width* 

OPERATION 
OF THE LATHE 

Lathe turning may be divided into two cate- 
gories: center-to-center turning (also called 
between center turning and spindle turning) and 
faceplate turning. 
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Figure 5-28. — Lathe cutting tools. 



skew chisels; parting tools; round-nose, square- 
nose, and spear-point chisels; toothing irons; 
and auxiliary aids such as calipers, dividers 
and templates* 

Turning gouges are used chiefly to roug 
out nearly all shapes in spindle turning. / 
skilled Patternmaker may use this tool for almobv 
any lathe operation except faceplate turning. 
The gouge sizes vary from 1/8 inch to 2 or 
more inches, with 1/4-, 3/4-, and 1-inch sizes 
being most common^ 

Skew chisels are used for smoothing cuts to 
finish a surface, turning beads, trimming ends 
or shoulders, and for making V-cuts. They are 
made in sizes from 1/8 inch to 2 1/2 inches In 
width and in pairs, right-handed and left-handed. 

Partirig tools are used to cut recesses or 
grooves with straight sides and a flat bottom 
and also to cut off finished work from the 
faceplate. These tools are available in sizes 
ranging from 1/8 to 3/4 inch. 

Scraping tools of various shapes are used for 
the most accurate turning work, especially for 
most faceplate turning. A few of the more 
commonly used shapes are illustrated in parts 
D, E, and F of figure 5-28. The chisels shown 
in B, E, and F are actually old jointer blades 



Spindle Turning 

The first step In spindle turning is the prep- 
aration of the stock for centering. When working 
with solid or glued-up stpck, cut the stock 
approximately square and about 1 inch longer 
and 1/4 inch wider than the desired finished 
dimensions. Draw diagonal lines from corner 
to corner across both ends of the stock (see 
fig. 5-30). The point on each end where the lines 
cross will be approximate center* Indent these 
centers with an awl, nail set, or drllL 

Center one end of the stock against the 
headstock spur of the lathe. Tap it on the other 
end with a wooden mallet and seat the stock 
against the spur surface. Hold the stock in this 
position while you move the tailstock to within 
l/4 inch of the other end of the stock. Clamp 
the tailstock to the bed by tightening the clamping 
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f igure 5-29.— Toothing Iron lathe tool. 
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Figure 5-30. — Centering solid stock. 



level. Run the tailstock spindle out and place 
its center point in the center hole in the end of 
the stock. Turn the handwheel at the rear of 
the tailstock and force the center point tightly 
against the stock end. Then back off the spindle 
about 1/8 turn of the handwheel and place a 
drop of oil or some beeswax where the wood 
touches the metal center. This relieves the 
pressure of the center against the work and 
allows the stock to rotate freely without end 
play. Tighten the spindle clamp. 

When working with parted pieces it is neces-> 
sary for you to check H e work to make sure 
that the parting joint is exactly in the center. 
One good method of doing this is by gaging a 
series of lines equidistant from the parting 
joint on each end of the stock before the two 
pieces are fastened together for lathe turning. 
See figure 5-31. 

Turn a test space about 1/8 inch long at 
each end of the stock to a perfect circle. If the 
circle coincides with two of the gaged lines — one 
on each side of the parting joint— the joint is 
exactly centered. If not, you will have to tap the 
stock lightly with a mallet in order to center 
the work in the lathe. You can also test the 
distance on each side of the partii^ joint with 
a pair of dividers. 

After you center the work properly in the 
lathe » move the toolrest close to the stock and 
parallel to it. The toolrest should be about 1/8 
inch from the work. Spin the work by hand to 
see that it clears the rest. Lock the toolrest 



holder in position. Release the clamp that holds 
the toolrest in the toolrest holder* Set the 
toolrest approximately level with, or pbout 1/8 
inch above the centerline of the stock. 1 hen make 
sure that the toolrest is securely tightened in 
position. 

Before starting the lathe» adjust the speed 
in accordance with the size of the stock. The 
size of the job will determine the turning speed 
of the lathe spindle: the larger the diameter^ 
the slower the speed; the smaller the diameter, 
the faster the speed. 

The recommended speed for any size of the 
lathe woiic is approximately 1500 surface feet 
per minute. Do not confuse surface feet per 
minute (sfpm) with revolutions per minute (rpm)« 
Surface feet is the distance covered by the point 
of the tool on the rotating surface of the work 
during the interval of one minute. It is expressed 
in surface feet per minute. 

To find sfpm» multiply the circumference of 
the work (in inches) by the number of revolutions 
per minute and divide 12 to change Inches to 
feet. The result is peripheral or surface feet 
per minute. For example, an object with a 12- 
inch diameter has a circumference of 37^69 
inches (circumference equals diameter times 
3.1418). If this object is turning at 600 rpm» the 

surface feet per minute will be ^7^69 X ^00^ 

or 1884.5 s^m. Conversely^ the rpm required 
to obtain a ^ven si^m is found 1^ dividing the 
product of the surface feet times 12 by the 
circumference of the work in inches. 
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After the speed adjustment has been made 
and the machine has been started, you are ready 
to cut or turn the stock with a gouge or other 
lathe cutting tool. For gouge work, stand with 
your feet about 12 or 14 inches apart and wJU; 
the left side of your body a little closer to the 
lathe than the right side. The stance might vary 
for a left-handed person. 

Use the gouge for reducing stock to a cylin- 
drical shape and for making concave cuts and 
grooves. Hold the gouge handle securely and 
place the gouge on the tool rest with the handle 
well down. Steady the gouge with your left hand 
by placing the heel of the palm against the front 
of the toolrest. Hold the palm on the top of the 
gouge when making heavy cuts and under the tool 
for fine cuts. 

Bring the gouge slowly against the revolving 
work at about the middle of the stock. Roll the 
gouge sideways to make a shearing cut with the 
side edge of the tool. Move the gouge slowly 
toward the headstock. (See fig. 5-32.) Stop when 
the gouge is about 1/2 inch from the end of the 
toolrest. Go back to the point where you started 
the cut and roll the gouge over and make a cut 
toward the left. Keep checking the dimensions 
frequently with a pair of calipers set at least 
1/8 Inch over the finish dimensions. 

Be sure that the power Is shut off and that 
the lathe has come to a complete stop before 
you attempt to check dimensions with calipers 
or templates. Repeat the rig^t and left cuts until 
the stock Is reduced to a cylinder. You may need 
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Figure 5-32.— Ufling a gouge in spindle turning. 



to move the toolrest as the work progresses. 
Be sure to keep the l/8-lnch clearance so that 
the hand that Is steadying and guiding the cutting 
tool will have full support at all times. Also 
adjust the angle of the toolrest to conform to 
the contour of the stock as it is being shaped. 

After the stock has been reduced to the 
approximate size and shape desired, use the 
skew chisel for smoothing cuts and for trimming 
ends and shoulders. In smoothing a straight 
cylindrical surface, always place the chisel flat 
on the toolrest before bringing it against the 
work. Start the cut at about the middle of the 
toolrest. Keep the skew chisel on the toolrest 
at all times while using It. 

Draw the chisel back slowly, meanwhile 
raising the handle slightly until the heel of the 
bevel on the cutting edge engages the work. Keep 
the face of the bevel tangent to the surface of 
the work and hold the chisel firmly against the 
toolrest as you move It steadily into the cut. 
This position is illustrated in figure 5-38. Never 
allow the skew chisel point to come Into the 
cutting position because It may dig in and ruin 
the turning. Move the chisel laterally to the 
rl^t or left. Then reverse the chisel, cut in the 
opposite direction, and repeat as much as 
necessary. 

There are maiQ' other spindle cuts that you 
can make with the gouge, skew chisel, and other 
lathe cutting tools. 

Faceplate Turning 

Faceplate turning differs from spindle turning 
In the manner of mounting the stock on the 
lathe. In faceplate turning, the headstock spur 
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Figure 5-38.— Using a skew chisel. 
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is replaced by a metal faceplate* The most 
comiaon method of fastening the stock to the 
metal faceplate is by the use of wood screws, 
A faceplate of approximate size is selected 
and its diameter measured. Draw a circle of 
this size plus 1/32 inch on the working face of 
the stock. Center the faceplate in this circle. 
With a pencil » draw a few small circles on the 
stock thi^oug^ the screw holes in the plate. Also 
mark the plate and stock so you can place them 
together again at the same exact points. (See 
fig. 5-34.) Remwe the faceplate and drill holes 
for the screws. Then position the faceplate and 
stock so they are back in their original position, 
and insert and ti^ten flathead screws of correct 
size. 

Small stock* under 4 inches in diameter and 
under 2 inches in thickness, may l)e mounted on 
a screw chuck. This is a faceplate with a screw 
permanently fastened in its center. A 3/l6-inch 
hole is bored in the center of the working face 
of the stock. The chuck screw is run into this 
point of the stock. Then the faceplate is screwed 
on the lathe spindle and the stock is ready for 
turning. 

You may find that it is not always possible 
or practicable to fasten the stock to a metal 
faceplate. This is especially true when turning 
very thin, ring-shaped, or segmented stock. In 
these cases, the stock Is fastened to an auxiliary 
wooden plate that is mounted on the metal plate. 
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Figure 5-34. — Centering the faceplate on the 

stock* 
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The stock is centei^d on the wooden faceplate 
and fastened with screws, brads, or glue. The 
size and number of screws depend upon the 
thickness and size of the faceplate and stock. 
If brads are ttsed, set them so that they will 
not it^terfere with the turning operation. Be 
careful after completing the turning to remove 
the stock with a thin chisel. If glue is u6ed» 
coat the stock and clamp it in position on the 
faceplate; then let it dry. If you insert a sheet 
of paper between the wood faceplate and the 
stock, you will be able to separate them more 
easily when you are finished. 

Faceplate turning also differs from spindle 
turning in the use of turning tools. In general^ 
faceplate turning is accomplished by scraping 
instead of cutting. The toolrest is set about 1/8 
inch below the center of the lathe spindle. Turn 
the stock a few times to see if it will clear the 
toolrest when it revolves. 

Hold a round-nose or a spear-point tool 
on the toolrest as shown in figure 5-36. Slowly 
bring the cutting edge into contact with the moving 
stock and make u light initial cut. This is continued 
until the outer diameter is true. A safety factor 
to be remembered in faceplate turning is NEVER 
USE A GOUGE. 

If the stock thickness has to be reduced^ 
scribe a line along the outer edge to show the 
amount of stock to be removed. Stop the lathe; 
then, loosen and swing the toolrest and toolrest 
holder until they are parallel to the face of the 
stock. The toolrest should be clamped securely 
about 1/8 inch away from the stocky and about 
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Figure 5-35. — Using a diamond point lathe tool 
in faceplate turning. 
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1/8 Inch below the center. The lathe may now 
be started at a speed of 1.200 to 1,800 rpm. 

The turning tool is directed from the outer 
edge toward the center. (See fig. 5-36.) Do not 
go past the center point because certrlfugal 
force will cause the turning tool to be thrown 
back at you. Light, careful cuts must be made 
until the waste stock has been removed to the 
scribed thickness guide line. Then, ^<olding a 
square-nose tool horizontally against the stock, 
li^tly cut away any remaining waste stock and 
smooth the surface. A square is used to test 
the edge and the face of the stock for squareness. 
Other cutting tools, especially the round-nose 
chisel, skew chisel, and the square-nose chisel, 
are best used for faceplate cutting of recesses, 
for scraping beads, and for turning fillets. 

Templates 

A template is a thin piece of material with 
the edge corresponding to a specific contour and 
used as a guide for checking purposes. 
Templates are used by the Patternmaker to 
get perfect shapes in lathe turning and in hand 
carving of patterns and core boxes. Templates 
vary in shape depending upon the particular 
requirements of the job. They are usually made 
of thin stock, cardboard, template paper, or 
sheet metal. No matter what material Is used, 
templates must be made with great accuracy. 
Important centerlines are transferred from the 
layout to the template. Figure 5-37 shows the 
use of an inside and an outside template in 
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Figure 5-36. ~ Reducing stock in thickness. 
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Figure 6-37.— Using templates in faceplate 

turning* 
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faceplate turning. The edges of the templates 
are chalked so that you can tell where the high 
spots are located. Remove the stock slowly and 
carefully from the high spots to prevent cutting 
off too much stock and thereby ruining the Job. 

The two methods shown in figure 5*37 are 
not the only methods of mounting work in the 
lathe for faceplate turning. Very often the 
Patternmaker will make use of engine lathe 
attachments such as drill chucks (Jacobs chucks) » 
independents universal, or combination chucks, 
for centering special jobs. 

Rechucking 

Rechucking is the procedure used when ali 
the surfaces of a pattern are to be turned lo 
dimension. After completing the turning of one 
face of the pattern, the Patternmaker will detach 
the work from the faceplate and remount it 
in a reversed position as shown in part Bof 
figure 5-37. This enables the Patternmaker to 
turn the surface that was originally against the 
faceplate. Great care must be exercised in 
centering the work properly during rechucking 
operations. One method of centering the work is 
shown in figure 5*87. Note that a recess is turned 
on the wood faceplate at points C of part B to 
provide a firm bearing surface for the rechucked 
pattern* 

Laying Out Centerlines 
On A Faceplate 

Scribed centerlines and construction lines 
will invariably be cut away during turning opera- 
tions. You must, in order to maintain accuracy 
of workmanship, replace all centerlines after 
completing the turning phase of the Job. You will 
find that it is most convenient to restore the 
centerlines ^ile the work is mounted in the 
lathe. The procedure outlined here is suggested 
for laying out centerlines on faceplate work. 
(See fig. 5-88.) 

1. Start the work revolving on the lathe. 
Touch the approximate center of the work very 
lightly with a pencil or with one leg of a pair of 
dividers. The rotation of the woric will cause the 
pointer to move in the direction oi true center. 

2. Stop the lathe and lock it securely in 
place to pievent any movement during subsequent 
measurements. Set up a surface gage on the flat 
lathe bed and adjust the pointer to the hei^t 
of the true center scribed on the Job in step 1. 
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Figure 5-38.— Laying out centerlines on faceplate 

work. 



3. Move the surface gage across the face 
of the work and scribe a ligjht line at points A 
and B on the faceplate. Note that the measurement 
marks are made on the faceplate to avoid 
marring the face of the job. 

4. Rotate the work in the lathe hy hand 
through an arc of 180* and recheck marks A 
and B against the surface gage pointer. Readjust 
the surface gage and r^at this procedure until 
both points A and B coincide exactly with the 
surface gage pointer. Look the gage and scribe 
centerline AB across the face of the work. 

5. Scribe a circle on the faceplate inter- 
secting line AB. Using dividers or trammels^ 
bisect line AB and scribe points C and D on the 
faceplate. 

6. Rotate the work by hand and recheck 
points C and D to make sure that th^ coincide 
with the surface gage pointer. Scribe centerline 
CD across the face of the work. 

7. Before detaching the Job from the face- 
plate it is advisable to mark its exact location 
on the faceplate because the Job mi^t require 
subsequent turning and remounting on the lathe. 
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The exact position of the work on the faceplate 
may be marked by attaching small blocks of 
wood to the faceplate at several points outlining 
the silhouette of the job. 

Turning Interrupted Surfaces 

Thus far we have discussed the lathe turning 
operation on stock which offers a continuous, 
uninterrupted surface to the cutting tool. For 
certain jobs, such as a gear wheel or a star 
washer pattern, the Patternmaker will be re- 
quired to turn an interrupted surface. As a 
PM3 or PM2 you should be alert to the following 
dangers inherent in the turning of interrupted 
surfaces: 

1. The work tends to grab the cutting tool. 

2. The stock tends to split off at the trailing 
edge. 

3. The limits of the stock are difficult to 
see. 

Being aware of these dangers, you should 
follow and insist upon strict adherence to the 
following safety rules: 

1. Use the toolrest as much as possible. 

2. Adjust and set the compound or the tool- 
rest for the start of the cut before turning 
the switch on. 

3. Take very lig^t cuts, especially when 
using handtools. 

4. Never attempt to use •calipers on inter- 
rupted surfaces while the work is in motion. 

SAFETY RULES 

1. Secure all adjustments before turning on 
power. Start lathe at the lowest speed and adjust 
speed to the rate appropriate to the size of the 
job. 

2. Make one complete revolution Iqr hand to 
check the clearances before starting the motor. 

3. Put a drop of oil or beeswax on the dead 
center of the lathe before starting and repeat 
at various intervals as required. 

4. All wood to be turned must be free from 
deep checks and knots. 

5. Allow all glued work to dry properly 
before attempting to turn it in the lathe. 

6. Use screws instead of nails whenever 
possible to att»ch the work to a faceplate. 

7. Remove wrenches from chuck before 
starting the motor. 



8. Always remove the toolrest before 
sanding. 

9. Always stop the lathe before making any 
adjustment of the toolrest. Keep the toolrest 
close to the work but with sufficient clearance 
to avoid catching in the revolving s^ock. 

10. Use a turning gouge for roughing down. 

11. Use a wooden or rawhide mallet to force 
the centers deeply into the stock. Center the 
work properly in the lathe. (If the tailstock Is 
equipped with a setover device, adjust and lock 
it at zero, before starting new work.) 

12. Remove all flat spots from the work 
before attempting to use outside calipers, 

13. Never reduce the rpm of a lathe by using 
the electrical controls. This may cause the 
faceplate to spin off the spindle with dangerous 
force. 

14. Stop the lathe before using inside calipers. 

15. Take precautions to avoid catching cloth- 
ing (sleeve, necktie, etc.) in revolving jobs, 

16. Use particular caution In turning Inter- 
rupted surfaces to avoid grabbing. 

17. Never use a turning gouge for faceplate 
work. 

THE JOINTER 

The jointer (also called hand planer and 
jointer) is used principally for surfacing and 
edging. It Is also used for beveling, chamfering, 
rabbeting, and tapering. By jointing one face of 
a warped board, the jointer can make It suitable 
for use In patternmaklng. Figure 5-39 Illustrates 
a model which you may find in your shop. 

The size of the jointer Is determined by the 
length of the cutterhead and Is available as 
4, 6, 12, 16, 47, or 30 Inch. 

The machine has a heavy, strongly ribbed 
bed with sliding frames to carry the table to and 
from a cutterhead. In the cutterhead (fig, 5-40) 
there are two, three, or four knives, depending 
upon the make of the machine, A movable fence 
and automatic safety guard ai-e also provided. 

Only sharp knives of equal weight sh(nild be 
used In the jointer. Dull knives are dangerous, 
and knives of ungual weight csaise vibration. 
The knives shcnild be set accurately to produce 
a smooth, even cut and should be fastened 
securely to prevent them from flying out. Before 
I starting the machine, see that the tables and 
fence are properly set and looked. 
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Figure 5-39,— A 6-lnch jointer. 



29.138 



OPERATION 

OF THE JOINTER 

Before cutting pattern lumber to the desired 
size on the circular saw* you would normally 
surface the stock. Surfacing Includes making one 
face of the stock a plane surface, strai^tenlng 
one edge, and making the stock uniformly thick 
throu^out its length. A curved or irregular 
edge may cause binding and possible accidents. 

Thin stock (below 1/4 Inch In thickness) 
should not be faced on the jointer. Always 
consider the front table as 4 Inches long, the 
throat as 4 Inches long, and the rear table as 4 
Inches long; therefore, stock less than 12 inches 
lorg SHOULD NOT be run over ANY Jointer. 
Worlctag thin or short stock may cause Injury 
and damage. 

Use the Jointer for surfacing one face of a 
board. Adjust the front table to make a l/32-lnch 
out and set the fence at a right angle to the rear 
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i- tgure 5-40.— Four-knife cutterhead for a Jointer. 



table, near the rigbt-hand edge (fig. 5-41), Start 
the machine and wait until the cutterhead is 
revolving at maximum speed. Hold the stock 
against the fence and always use the guard. Use 
a push block (fig. 5-42) on the shorter pieces. 
It Is safer and better to take several lighter 
cuts Instead of one deep cut. Too heavy a cut 
may cause a kickback. 

Care should he taken to feed the lumber so 
It will cut with the grain. As soon as the front 
part of the stock passes the cutterhead, hold 
It down on the rear table. Since the rear table 
determines the plane of the cut, stock must be 
held against It firmly to ensure a true plane. 

When you have finished Jointing, be sure 
that the pcwer is shut off and the cutterhead 
has come to a complete stop before you clean 
off the shavings or move the fence. 

The Jointer Is also used for edging a board. 
If the edge is fairly stral^t, hold the board 
firmly against the fence and front table and push 
It over the cutterhead to the rear table. Repeat 
until the edge is perfectly flat. 

When edging curved stock, pass the after end 
of the concave edge of the board over the cutter 
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OtPTH OF CUT - DISTANCE THE INPEEO ■ 
TASUE IS DEPRESSED BELOW THE HIGHEST 
POINT REACHED BY THE KNIFE EDGES 




OUTFEED TABLE - 



Figure 5-41, — Principle of operation of the jointer. 
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Figure 5-42. — A jointer pushboard. 



four or five times. This is illustrated in figure 
5-43. Reverse the board and joint the outer end; 
then joint in the usual way. This permits the 
knives to start cutting gradually instead of jab- 
bing into the edge and possibly splitting the 
board. If a board is badly warped, cut the edge 
approximately straight on a bandsaw and finish 
on a jointer. 

After you have trued one face and one 
edge of the stock on the jointer, mark them for 
identification purposes. You are now ready to 
saw the board to size on the circular saw and 
to plane the board on the thickness planer to the 
thickness wanted. 

MAINTENANCE 
OF THE JOINTER 

The cutterhead has precision ball bearings. 
The model illustrated has the self-aligning, 
frictionless ball type which requires very little 
attention. Jointers made by other companies will 
vary in their lubrication requirements. Some 
models must be given careful attention, including 
weekly greasings. For all models, dirt is the 
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Figure 5-43.— Jointing crooked stock, 

outstanding cause of ball bearing troubles; so 
keep your machine clean. 

The electric motor is enclosed and ventilated. 
Occasionally the motor should be blown out with 
compressed air to keep all the air ducts open. 
It must be lubricated in accordance with the 
manufacturer's instructions. The table adjusting 
mechanisms are usually oiled once a week. 

Additional maintenance information concern- 
ing all shaving machines will be discussed later 
in this chapter, 

SAFETY RULES 

1. See that there are no obstructions beyond 
the table ends which may cause inleri*uptions 
in the work once it is started. 
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2. Ir-^pect the safety paard for free action. 
Keep the safety guard over as much of the 
cutterhead area at all times as the work will 
permit. 

3. The correct position of the hands in 
jointer operation is such that at no time will 
they pass above the cutter blades while you 
are advancing the stock. Keep hands away from 
the front and back ends of the stock and keep 
the fingers from extending over the edges of the 
stock. 

4» Make sure that the exhaust system is in 
operation and that the exhaust duct is open, 
before startii^ the machine. 

5. Allow the motor to develop full speed 
before starting the cut. 

6. Inspect all surfaces of the stock and 
remove nails, screws, paint, embedded sand, 
and other metallic parts that may damage th3 
blades. 

7. Adjust and lock the fence frame to expose 
only the required blade erea for the job. Adjust 
and lock the guide fence in place before starting 
the machine. 

8. Do not attempt to take more than a l/8»» 
cut on edge work or more than a l/l6»» cut for 
surfacing. 

9. Hold the stock down firmly and flush 
against the guide fence to prevent any kickback 
due to warpage or convex curvature in the stock. 
Whenever possible, keep the small finger on top 
of the fence while pushing stock. 

10. To avoid stock tipping, only stock of 
recommended length should be run across the 
jointer. Do not attempt to surface stock shorter 
than 12" in length. 

11. Use a push block when surfacing thin 
stock. 

12. NEVER attempt to use the jointer to 
cut end or cross grain. 

13. Do not crowd the knives; this overloads 
the machine. 

14. When surfacing is completed, turn the 
P'^wer off and replace the guard before leaving 
the machine. If the guide fence was used with 
an angle setting, readjust it and lock it at 90** 
before leaving the machine* When the machine 
has come to a complete stop, clean all shavings 
from the throat. 



PLANER 

The planer is designed to plane or dress 
the surface of wood stock tu a desired, uniform 
thickness throughout its length and width. 



Some types will surface two faces as well 
as the two edges with one pass but the type 
generally found in Navy shops will sunace one 
face at a time and is known as the single surfacer 
(fig. 5-44). 

The size of the surfacer is determined by 
the maximum width that it can cut which may 
vary, with Navy machines, from 12 to 48 inches. 
The model shown in figure 5-44 wfll plane stock 
up to 24 inches wide and 8 inches thick, thus it 
is a 24 inch planer. 

Figure 5-45 is an illustration of the basic 
parts of a single surfacer. 

The bed of a conventional single surfacer 
has three sections: front table, center table, 
and rear table with the lower infeed and outfeed 
rollers mounted on either side of the center 
table. These rollers span the entire width of the 
bed with the outfeed roller about 10 inches to the 
rear of the infeed roller. The rollers are set 
from 1/32" to l/l6" higher than the tables. The 
bed can be raised and lowered by either a manually 
operated handwheel (fig. 5*44) or by a power 
hoist. 

The upper section of the single surfacer 
consists of an upper infeed roller, upper outfeed 
roller, the cutterhead, the chip breakers, and the 
pressure bar. 

The single surfacers used in Navy shops 
usually are provided with a spring loaded, 
sectional upper infeed roller, each section being 
about 1 l/2»» wide. This is a much safer roller 
than the solid bar type as it allows for the uneven 
surface of roug^ stock and ensures contact with 
the stock at all times. This roller feeds the 
stock into the cutter and must always main^ 
tain enough pressure on the stock to prevent 
it from being kicked back against the operator. 

The upper outfeed roller is a :>olid bar type 
and is responsible for pullii^ the finished stock 
out of the machine. 

The cutterhead is usually a solid cylinder, 
slotted to hold three or four knives and is 
similar to the jointer cutterhead. 

The knives in the cutterhead are balanced, 
matched sets. If the knives are removed from 
the machine for sharpenii^, care should be taken 
that they are marked and taped together to ensure 
that they are not mixed with another set. 

Some machines are provided with a knife 
grinding attachment Mliich can be mounted on 
top of the machine. This enables you to sharpen 
the knives without removing them from the 
cutterhead. After the grinding attachment has 
been used, it must be removed from most 
machines to allow the re«*attachm9nt of the 
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Figure 5-44. — Single surfacer. 
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Figure 6-45. — Basic parts of a single surfacer. 
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sawdust collector exhaust hood. The knife grinding 
attachment will be discussed later in this chapter. 

The chip breakers are situated in front of 
the cutterhead. They are spring loaded, usually 
about 1 l/2»» to 2" wide and extend the full 
length of the cutterhead. Their function is to 
prevent excessive chipping by pressing down on 
the stock and forcing the chips to break into 
small pieces. 

Imraediately behind the cutterhead is the 
pressure bar which also extends the complete 
length of the cutterhead. The pressure bar is 
solid and has a smooth lower face. Its function 
is to hold the stock firmly in place aTter it has 
been planed. 

A single surfacer may have one or two motors. 
In the two motor machine, one motor will be a 
direct mounted, high speed type which drives 
the cutterhead at 3600 rpm. The other motor 
Will be a variable speed type which drives the 
feed rollers at 0 to 60 teet per minute (fpm). 

In the single motor type, the cutterhead is 
usually direct drive also but the feed rollers 
are driven by either a system of speed chains 
and sprockets or belts and pulleys. Both systems 
are variable and will usually allow for 0 to 60 
fpm feed. 

Some machines, usually the two motor type, 
will have a reverse feed feature vrtiich allows 
the operator to back stock out of the machine, 
• All planers are provided with a depth indicator 
scale, a depth adjustment wheel, which raises or 
lowers the bed, and a speed control lever or 
wheel which regulates the feed by fpm. 

OPERATION 

OF THE PLANER 

The lumber that is stocked by the Navy is 
in its rough state. It may contain staples from 
shipping tags, nails, screws, imbedded dirt, paint, 
loose knots, or a variety of othcfr objects that 
could damage the machine or create a safety 
hazard so it is very important to inspect the 
stock thorou|?ily before surfacing it. 

Since the Patternmaker needs perfectly flat 
stock, the next step is to obtain one true face 
and one true edge on the jointer. THE PLANER 
IS NOT DESIGNED TO STRAIGHTEN WARPED 
STOCK. If a warped board is passed through 
the machine, the rollers and a pressure bar will 
hold it flat iHit as soon as the board is released 
by the machine, the board will return to its 
warped condition. 

After you have trued your stock, cut it to 
the desired width and about 6 inches longer than 



the desired length. Cutting the stock to width 
saves material and the additional length ensures 
plenty of useable stock if the stock chips out 
on the ends. 

CAUTION; Do not try to plane stock that is less 
than 2 inches longer than the distance between 
the centers of the infeed and outfeed rollers. 
Stock that is too short to span both the infeed 
and outfeed rollers has a tendency to jump and 
the finished work is not smooth. 

Now you are ready to plane the board to 
the desired thickness. 

Before starting the planer, sight through 
it and see that there are no loose chips or 
foreign objects on any of the tables, measure 
the stock at its thickest section, adjust the bed 
so that the depth indicator measures 1/16 •» less 
than this measurement. One sixteenth inch Is the 
maximum cut that may be taken on softwoods, 
1/32" for hardwoods. Now set the feed indicator 
at 25 fpm, which is the rate of feed for average 
work, disengage the feed mechanism, open the 
exhaust vent, and start the machine. Wait until 
the cutterhead reaches full speed and engage the 
feed mechanism. Place the stock on the front 
table with the roug^i side up and the direction 
of the grain running with the cut (fig, 5-46). 
Be careful not to have your fingers alongside 
or under the stock. Push the stock forward and 
at a slight angle until it is engaged 1^ the infeed 
rollers and then release it. (The slight angle 
helps to minimize chipping.) 
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Figure 5-46. — Feeding stock to a planer. 
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If the planer cutterhead siows, stop the feed 
and reset the feed control to a slower feed rate, 
wait for the cutterhead to regain full speed and 
then restart the feed mechanism. 

To reduce two or more pieces of stock to the 
same thickness, run all the pieces, one at a time, 
throu^ the planer. Then reset the machine for 
another cut and run them through again. This is 
repeated until you are ready to make the final 
cut. Before making the final cut, it is a good 
practice to run a test piece through the machine 
and reset until the desired thickness is obtained. 

When surfacing stock for patterns, do not 
use a sttuidard rule. Always use the same shrink 
rule that was used in developing your layout. 

MAINTENANCE 
OF THE PLANER 

It is very important to keep the planer, as 
well as all machines, clean. The most outstanding 
cause of machine iireakdown is dirt. Particles 
will get into bearings, cling to chains, sprockets 
and rollep%, stick to belts and cutterheads, 
and eventually render the machine either in- 
operative or inaccurate. Use compressed air 
to clear the machine of loose dirt and sawdust. 
Use a non-corrosive solvent to clean rollers, 
tables, cutterheads, and any other areas where 
dirt is stuck to a part. Never use a wire brush 
or sandpaper to clean tables and rollers or 
other polished surfaces as they scratch the 
surfac*? and make it much easier for dirt to 

cling* 

As each manufacturer's machine has different 
maintenance requirements, it is necessary to 
refer to the manufacturer's instruction booklet 
for specific maintenance requirements. 

SAFETY RULES 

1. Before starting the machine, make sure 
that the exhaust system is in operation and that 
the exhaust duct is open. 

2. Si^t through the machine to see that the 
table is clear of chips and shavings. 

3. Allow the motor to come up to speed 
before starting the stock through the rollers. 

4. Joint one surface befoi-e running stock 
through the planer. Measure the thickness of 
the stock at the greatest point to determine the 
maximum diameter. 

5. The maximum cut for average work is 
1/16»». 



6. If the stock Jams, stop the machine and 
make sure that the cutters have stopped com- 
pletely before lowering the table. 

7. The minimum length of the stock to be 
surfaced should be at least 2" greater than the 
center-to-center distance between rollers. 

8. Keep fingers above the bottom edge of 
the material when feeding stock into the planer. 
Keep hands and measuring tools off the top of 
the advancit^ lumber. 

9. Stand clear of the material passing 
through the planer to avoid injury due to kick- 
back. 

10. Before running stock through the planer, 
inspect the lumber for nails, screws, loose 
knots, paint, and embedded sand. The presence 
of such materials will cause damage to the 
blades. 

11. Feed stock into the planer so that it cuts 
with and not against the grain. Use the rate of 
speed that is appropriate for the thickness of 
the cut, the width of the board, and the type of 
lumber. If the speed is too fast, it produces a 
corrugated effect on the surface of the lumber. 

12. Do not attempt to raise or lower the 
table after the cutting operation is once started. 

13. Do not use a planer to cut down plywood 
thickness. 

CARE AND MAINTENANCE 
OF POWER SHAVING TOOLS 

The two most important factors in the care 
and maintenance of a Jointer, surfacer, or 
shaper are the proper lubrication of all moving 
parts and the proper sharpening and adjustment 
of the knives and/or cutters. Dull knives and 
cutters deteriorate the machinery by causing 
it to "labor," and to "chatter" or vibrate. 
Besides, a dull knife or cutter on a power 
shaving machine Is a very dangerous hazard. A 
dull knife or cutter tends to "catch" In the 
wood, and since the machine Is cutting toward 
the operator the result of a catch Is a violent 
throw-back of the stock toward the operator. 
The piece may strike the operator, but more 
serious than this is the fact that the operator's 
hands, when the piece is torn out of them, may 
be driven against the knives or the cutters. 

The best way to sharpen the knives on a 
Jointer or surfacer is with a KNIFE GRINDING 
ATTACHMENT like the one shown on the sur- 
facer in figure 5-44. With one of these devices 
the knives can be sharpened without removing 
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them from the cutterhead. The knife grinding 
attachment consists of a small motor-driven 
grinding wheel, mounted In a SADDLE which 
can be cranked back and forth on a steal bar 
called a BRIDGE. The br*idge can be mounted 
over the cutterhead by means of a couple of 
BRIDGE BRACKETS. The general procedure 
for sharpening with a knife-grinding attachment 
is as follows: 

Open the starting switch on the machine and 
lock it open. If the power line has a main 
switch which can be opened, open that switch as 
well. 

Revolve the cutterhead by hand until a knife 
is In a position where the cutterhead LOCKING 
PIN can be put on. The locking pin holds the 
uppermost knife in correct grinding position. 

Loosen the set screws until they ai'© holding 
the knife only li^tly. and move the knife up 
about 1/12 in. The oest way to do this and 
still keep the knife level is to use a THREE- 
PRONGED KNIFE GAGE. This device has two 
prongs which fit against the cutterhead on either 
side of the knife, and a third prong in the 
center which can be set to any desired amount 
of protrusion of the knife edge. When the knife 
has been set at the desired height, tighten the 
set screws. 

Adjust the knife edges of the other knives to 
the same height. 

Set the grinding attachment in place, bring 
the grinder down to contact the bevel on the 
first knife, and crank the grinder back and 
forth over the knife several times. Take a lig^ht 
cut, and crank fast enou^ to keep the knife 
from overheating. Repeat on the other two knives. 

When the first knife is again under the 
grinder, lower the grinder slightly and repeat 
the above procedure on all three knives. Re- 
peat this whole process, lowering the grinder a 
little every time you get back to the first knife, 
until all nicks have been ground away and there 
is a perfect bevel on every knife in the cutter- 
head. 

The next step is JOINTING the knives, which 
means, as in the case of a circular saw, ensur- 
Ing that the knife edges form a perfect circle 
as the cutterhead revolves. Remove the motor 
from the saddle and install a JOINTING AT- 
TACHMENT. A jointing attachment is a device 
with a fine whetstone attached to its lower end; 
the whetstone can be set so that it barely 
touches the knife edges. Set it so, revolving 
the cutterhead by hand to ensure that there ic the 
barest contact and no more. 



Start the machine and crank the jointing 
attachment back and forth several times over 
the revolving knives. Stop the machine and 
examine the knife edges. If they have not all 
been slightly touched, lower the stone just a 
little and repeat the process until every knife 
edge has been touched. 

In the absence of a knife grinding attachment, 
the knives mast be removed frofti the cutter- 
head and ground on an oilstone grinder or in 
some other manner. 

NOTE: Extreme care must always be taken 
to ensure that all knives of the set weig^ exactly 
the same after they have been sharpened. 

To readjust the knives in the cutterhead of a 
jointer, place a builder's level or a wooden 
straightedge on the outfeed table and line the 
highest point reached by each knife edge with 
the lower edge of the straig^htedge as follows. 
Place the knife in the cutterhead and set the 
set screws up lightly. Place the straightedge 
over one end of the knife and raise or lower the 
knife until the edge barely contacts the straight- 
edge when the cutterhead is rotated by hand. 
Move the straightedge to the other end of the 
knife and repeat the same procedure. Tighten 
the setscrews and make a final check for 
correct height at both ends of the knife. Repeat 
the same procedure with the remaining knives. 

A flat shaper knife with a straight cutting 
edge <s ground and whetted like a plane iron or 
a chisel. As is the case with a jointer oi" sur- 
facer, the knives in a shaper must be exactly 
equal in size and weight. Three-way cutters 
and knives uith curved edges must be sharp- 
ened "free-hand" with a small portable grinding 
wheel, called a "grinding pencil." The greatest 
care must be taken to keep pairs of knives and 
the cutting extensions in a three-way cutter 
exactly alike in size, weight, and shape. 



WOODWORKING SHAPER 

The SHAPER is designed primarily for edging 
curved stock and for cutting ornamental c<%es, 
as on moldings; but it can also be used for 
rabbeting, grooving, FLUTING, and BEADING. 
A FLUTE is a straight groove with a curved 
rather than a rectangular cross section. A 
BEAD might be called the reverse of a flute. 
A heavy duty shaper is shown in figure 5-47 
and a lig^t duty shf^r in figure 5-48. 
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Figure 5-47,— Wood shaper. 
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Figuxe>5-48.— A ligbt-duty wood shaper. 



The flat cutter or knives on a shaper are 
mounted on a vertical SPINDLE and held In 
place by a hexagpnal SPINDLE NUT. A grooved 
COLLAR is placed below and above the cutter 
or knives to receive the edge of the knives. 
Ball bearing collars are availablfe for use as 
guides on irregular work vrtiere the fence isn't 
used. The part of the edge that is to remain 
uncut runs against the ball bearing collar, as 
shown in the bottom view of figure 5-49. 

A THREE WING CUTTER fits over the 
spindle as shown in the upper view of figure 
6-49. FLAT KNIFE cutters are assembled in 
pairs between collars. Both cutters and knives 
come with cutting edges in a great variety of 
shapes. BLANK flat knives are available which 
miy be ground to any desired sh^ of cutting 
edge. This is done only by experienced per- 
sonneL 

OPERATION 

OF THE SHAPER 

For shaping the side edges on a rectangular 
piece, a light-duty shaper has an ADJUSTABLE 
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Figure 5-49.— Three-wing cutter and flat knives 
for a shaper. 
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FENCE like the one shown on the shaper In 
figure 5-48. For shaping the end-edges on a 
rectangular piece, a niachlne of this type has a 
SLIDING FENCE, similar to the cutoff gage on 
a circular saw. The sliding fence slides in the 
groove shown in the table top. 

On larger machines the fence consists of a 
broad straightedge, clamped to the table with a 
handscrew as shown in figure 5-50. A semi- 
circular opening is sawed in the edge of the 
strai^tedge to accommodate the spindle and 
the cutters or knives. Whenever possible, a 
guard of the type shown in the figure should be 
placed over the spindle. 

For shaping curved edges there are usually 
a couple of holes in the table, one on either side 
of the spindle, in which vertical STARTER 
PINS can be inserted. When a curved edge is 
being shaped, the piece is guided by and steadied 
against the starter pin and the ball bearing 
collar on the spindle. 

Many shapers are equipped with a spindle 
which can run either clockwise or counter- 
clockwise. Therefore, it is important to check 
the direction of the spindle rotation before 
starting a cut on the machine. 



Like the Jointer and surfacer, the shaper 
cuts toward the infeed side of the spindle, which 
is against the rotation of the spindle. Stock 
should therefore be placed with grain running 
toward the infeed side. 



MAINTENANCE 
OF A SHAPER 



Maintenance of a specific shaper should be 
performed in accordance with the applicable 
manufacturer's technical manual. 

SAFETY RULES 



Make sure the knives are sharp and are well 
secured. 

If curved or irregularly-shaped edges ere to 
be shaped, place the stock in position and check 
to see that the collar will rub against part of 
the edge which should not be removed. 

Whenever the straight fence cannot be used, 
always use a starting pin in the table top. 

Always take several li^it cuts instead of 
attempting an extremely deep cut. 




Figure 5-50,— Shaper table, showing straightedge fence and guard, 
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Make sure the shaper knives rotate toward 
the work. 

Whenever possible, always use a guard, 
pressure bar, holddown, or holding jig. 

If possible, place the cutter on the shaper 
spindle so that the cutting will be done on the 
lower side of the stock. 

NEVER EACK UP ON A CUT. 

Do not attempt to shape small pieces of wood. 

Check all adjustments before turning on the 

power. ^ . 

"The spindle shaper is probably one of the 
most DANGEROUS machines used in the shop. 
Use extreme caution at all times." 



THE VERTICAL BORER 

In the shop, the vertical borer (fig. 5-51) » 
which may be a drill press (fig. 5-52), is used 
mainly for boring holes, boring excess stock 
away, and planing. 
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Figure 5-51. —Single-spindle, vertical boring 

machine. 



n.lox 



Figure 5-52. — Drill press. 
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The model illustrated in figure 5-51 is a 
single-spindle vertical boring machine and is 
capable of boring holes 2 inches in diameter 
and 6 inches deep in the center of 36-inch 
stock. The table easily adjusts 12 inches in 
a vertical direction, swivels in a complete 
circle, and tilts 45 degrees. It can be raised 
or lowered lyy means of selt-Iooking ' spiral 
gears and a slip crank. Two adjustable, holding- 
down fingers are fastened to each side of the 
column near the head, to prevent stock from 
climbing when the bit recedes. 

An enclosed motor is mounted directly on 
the boring spindle. The spindle has a maximum 
speed of 8,600 rpm and a vertical movement 
of 6 1/2 inches, controlled hy a foot lever. 
The regular boring bits range from l/4 inch 
to 2 inches. A variety of cutters in different 
shapes and sizes is also available. An example 
is the fillet cutter that is made for cutting a 
fillet into a pattern. This cutter can also be 
used where it is necessary to cut a recess, 
level it, and leave a fillet in the comer. 

Many manufacturers of drill presses and 
vertical boring machines are now equipping 
their products with shaper, router, and mortising 
attachments. Ordinarily these attachments are 
i>ecommended for li^t work only. Samples of 
the work that can be done with some of the 
special cutters are shown in figure 5-53. 

Before starting the motor, be sure that 
all the adjustments are correct and that the 
wrench used to tighten the cutter is not in 
the chuck. 

There is little maintenance care needed for 
the vertical borer and drill press. Lubricating 
the motor and spindle in accordance with the 
manufacturer's instructions and keeping the 
cutting bits sharp are the two most important 
requirements. 

The following safety rules apply to the vertical 
borer and drill press: 

1. Remove the wrench from the chuck before 
turning the switch on. 

2. Use a slow speed for wood bits. 

3. Secure work properly before drilling or 
boring. 

4. Do not use long bits in hlgii speed 
machines. 

5. Do not wear gloves ^nliile operating a 
drill press. 

6. Always secure the machine before adjusting 
the table or drill head. 




Figure 5-53.— Special cutters. 
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SANDERS 

Shaping wood by the use of sanding machines 
has become an important technique in the pattern 
shop of today. Two sanders are of primary 
importance: (1) the disk sander, and (2) the 
spimile sander. 

DISK SANDER 

The disk sander, illustrated in figure 5-64, 
is a great timesaver and does a more accurate 
Job than can usually be done with handtools. 
It is used to smooth the end grain of stock 
and to pat draft on pattern sides. The disk 
sander likewise is used to shape flat surfaces 
and the outsides of conveK-curved faces of 
stock. It also sands out saw marks. 

The illustrated model has a removable 
IS-inch metal plate disk «hat revolves at a speed 
of 1,800 rpm. Three screws secure the disk 
to the disk hub. Garnet ps^r oisks are glued 
to the face of the disk for wood sanding. 

The table of the disk sander tilts 46'* down 
and 25** up. The handwheei and worm arrange- 
ment is self-locking at the desired angle. 
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Figure 5-64. — A disk sander. 

Operation of the Disk Sander 

When using the disk sander, place the stock 
against the right-hand side of the sander if 
possible. If you use the left-hand side, you 
most likely will get some grit and dust thrown 
into your face. Article 12209 of U.S. Navy 
Safety Precautions states that goggles and masks 
shall be used during sanding qperatlons. 

Be sure that the table is square or at tlte 
angle wanted before you start sanding. Also 
check your stock if it has been glued, and see 
that the glue has hardened thoroug^ily. Sandpaper 
will readily pick up fresh glue from the stock, 
which impairs the cutting quality of the 
sandpaper. 

While sanding, move the stock along the 
disk sander so you do not hold the stock in 
any one place too long. This prevents the burning 
of the sandpaper and the grooving of the stock. 
Always remember to watch out for your fingers. 



When you have finished sanding the Job, be 
sure that the table is set square. 



Maintenance of the Disk Sander 

Little maintenance care is required for the 
Sanders. Regular oilir^ and greasing are most 
important. Also, change the sandpaper whenever 
it is clogged. 



Safety Rules 

1. Determine the direction of rotation of the 
sander before using. Use the right side of the 
disk if the motion is clockwise; use the left 
side if the motion is counterclockwise, 

2. Never allow too large a gap between the " 
table and the disk. 

3. Oscillate the work vihlle sanding to avoid 
burning the stock and plugging the sandpaper. 

4. Use goggles, eyeshields, and dust guards. 

5. Be sure that the work is held firmly end 
is flat on the table before engaging the sander. 

6. Place small stock in a clamping jig or 
other holding device to prevent burning the 
fingers by accidental contact with the abrasive. 

7. Clean glue, grease, or paint from the 
surface of the stock before sanding. 

8. When it is desirable to adjust the table 
at a sharp angle, tilt the table down rather than 
up to prevent the hands from being fed Into the 

9. Always adjust the table to 90« before 
leaving th^ machine. 

SPINDLE SANDER 

The spindle sander, illustrated in figure 
5-55, is used to sand both straight and curved 
inside surfaces, and outside curved surfaces that 
are not adaptable to the disk sander. 

The spindle that revolves the sandpaper 
has removable drums or cylinders of various 
diameters* It moves In an oscillating up-and- 
down motion at the some tLm-i that It revolves. 
The sandpaper rolls or tubes are attached to 
the cylinder. The table is also adjustable and 
may be locked at different angles. 

Some manufacturers make single machines 
that combine the features of both the disk and 
spindle Sanders. 
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Figure 5-55.— A spindle sander. 



THE GRINDER 

A grinder for all-round use in the pattern 
shop is shown in figures 5-56 and 5-57. In this 
model, a fully enclosed motor is mounted on the 
cast-iron column. The motor has a (touble-ended 
shaft. At one end is an emery cone and a 
leather stropping wheel. The other end carries 
a gear ai^ a flexible coupling that transmits 
power to one emery wheel and two oilstone 
wheels. 

An automatic saturation system is provided 
by having an oil reservoir mounted over each 
oilstone wheel with the oil dripping on the 
inside of the Wheel, Petcocks regulate the 
flow of oil and special wipers prevent the oil 



from being thrown off the wheels. The wheels 
are of the cup wheel type and run in ball 
bearings. They are 8 inches in diameter, have 
a 2-inch face, and have a speed of 300 rpm. 
One oilstone wheel is of coarse grain for rapid 
abrasion; the other M^eel is of fine grain for 
putting a smooth, keen edge on a tool. 

In front of the oilstone wheels is a table 
that tilts to any desired angle and which has 
a horizontal adjustment of several inches. It 
is fitted with a special toolholder for holding 
chisels and other edged tools. The holdtetr has 
a screw feed arrangement for feeding the tools 
to the oilstones when grinding. 

On the other side of the machine is an 
emery cone that is used for grinding gouges 
and irregular-shaped tools. It is 3 inches in 
diameter, 5 inches in length, and has a speed 
of 1,800 rpnu On the same shaft is a leather 
stropping wheel that takes away inirrs and nuts 
the finishing touches on the tools. There is 
also an emery vfhe&l mounted on a ball-bearing 
shaft. It is 8 inches by 1/2 inch in size and 
is used for general dry grinding. A rli^t-angle 
toolrest permits grinding on the side of the 
emery wheel as well as on the face. 



OPERATION OF 
OILSTONE GRINDER 



When a plane iron does not out smoothly 
or easily it should be sharpened 1^ hand on 
a whetstone. If there are nicks in the cutting 
edge, the plane iron should be ground on a 
power grinder. The cutting edge of the plane 
iron is moved back and forth as the oilstone 
revolves toward it. It should be ground at an 
angle of about 30** if it is to be used for cutting 
very hard wood, and at about 20* for white 
pine. 

When the plane iron is pushed back and 
forth, do not exert much pressure or the edge 
will overheat and lose its temper. Plane irons 
should be examined occasionally to see that they 
are being ground straif^t and 8(|uare. If the oil- 
stone is being used, the chances of overheating 
and Iximlng the steel are lessened. If a dry 
grinder is being used, the plane iron should be 
dipped in water frequently to oool it Gobies 
must be worn while grinding. 

Plane irons have their cutting edges gxtwund 
to suit the type of work they do. The Jack 
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Figure 6-56, — Top view of a tool grinder. 
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plane irons are used to take the wind or warp 
out of a surface. The cutting edge should be 
almost straight across with only a l/l6-inch 
crown (fig, 5-58), 

Fore planes, and jointer planes are used 
to produce a smooth surface. They are ground 
almost straight, with a l/32-inch crown. (See 
fig, 5-58,) 

The block plane and the smoothing plane 
are ground straight with the comers rounded. 
This is to help keep the comers from digging 
in and grooving the wood. The rounding of the 
comers is best done by hand or with an oilstone 
(fig. 5-58), 



Whetting the plane iron to a keen cutting 
edge is done on a flat oilstone. Before be- 
ginning, wipe the stone clean and wet the 
surface with a solution of one part machine 
oil and one part kerosene. Hold the bevel 
cutting edge of the iron at about a 25* angle. 
Whet the plane iron in a circular motion moving 
back and forth across the entire length of the 
oilstone. This pushes the grft and small 
particles of steel to one side and also prevents 
uneven wearing of the stone. Continue whetting 
until a fine, wire edge is formed along the 
cutting edge. Turn the plane iron over and 
lay the back side down flat on the face of the 
oilstone, A few light strokes will remove the 
wire edge. Use the oil-kerosene solution freely 



141 



ERIC 



PATTERNMAKER 3 & 2 




103 36 

Figure 6-57, — A standard tool grinder. 



on the stone. After this whetting* hone the 
plane iron carefully on both sides using the 
leather strop. 

The other cutting tools require the same 
grinding, whetting and honing attention as that 
given the plane iron. The spokeshave Uade, 
for example, is ground at an angle of 22* and 
then whetted and stropped. Paring chisels should 
be ground at about 15* and fifmer chisels 
at about 20^ 

The gouge should be ground very slowly 
on the core grinding wheel. The paring gouges 
should be ground at 15**, the inside firmer 
gouges at 20% and the outside firmer gouges 
at 25* to 30% 

A slipstone is used for whetting the cutting 
edges of the gouges. The slipstone should be 
held low so that the gouge will not cut your 
hand. Move the slipstone back and forth as 
you press fairly hard against the cutUng edge 
of the gouge. The slipstone is kept at the same 
antsle as the gouge was ground. The reverse 
side of the gouge is also sharpened,' with the 
slipstone held flat on the back of the gouge. 
The leather strop is pushed down on both the 
front and back of the gouge at the same grinding 
angle to complete the sharpening, 

CARE AND MAINTENANCE 
OF ABRASIVE EQUIPMENT 

Abrasive wheels and oilstones are very 
easily broken or cracked, and must be handled 
and stowed with the greatest care. A wheel 
should be given a regular RING TEST for 
cracks. Tap the wheel with a rubber<*faced 
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Figure 6-58,— Plane-iron shapes. 
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hammer or mallet. A ranging sound indicates 
a sound wheel. A dull thudding sound indicates 
a cracked wheel. NEVER USE A CRACKED 
WHEEL. 

When you are installing a new wheel, NEVER 
force the wheel onto the spindle. The wheel 
must slide easily with about 0.003 to 0.005 in. 
Clearance. If it doesn't IT IS NOT THE RIGHT 
SIZE FOR THE SPINDLE. 

Tl^ten the spindle nut just enough to set the 
flanges firmly against the wheel. Overtightening 
may crack the wheel. After Installing, GET 
YOURSELF AND EVERYBODY ELS*. OUT OF 
THE LINE OF THE WHEEL, turn the power 
on, and keep clear until the grinder has run long 
enough to indicate that the wheel is not gping to 
fly apart* 

If a wheel GLAZES rapidly, decrease the 
speed of the grinder or put on a softer wheel. 
If a wheel LOADS rapidly (LOADING means 
the clogging of surface pores with the material 
being ground). Increase the speed of the grinder 
or put on a softer wheel. 

A glazed or loaded wheel should be DRESSED, 
and a wheel which has become out-of-round or 
irregular on the surface must be TRUED. The 
same procedure Is used to cure both condltlors; 
it Is called DRESSING, and It Is done with a 
WHEEL DRESSER. CUTTER and TUBE type 
dressers are shown In figure 5-59. A DIA- 
MOND wheel dresser (which Is the most effective) 
Is shown In figure 5-6C. 

The procedure for dressing a wheel Is as 
follows: 

1, Adjust the tool rest to permit the wheel 
dresser to contact the centerline of the wlieel, 
as shown in figure 6-61. The cutter type dresser 



CUTTER TYPE OftESSER 




TU6E TYPE DRESSER 



Figure 5-59.— 
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28.63a33E)B 
Figure 5-60.— Diamond in4ieel dresser. 
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Figure 5-61. 



ADJUST REf T AWAY FROM 
WHEEl TO PEKMIT l£G OF 
WHEEL DRESSER TO GUIDE 
ON FRONT EDGE OF RKT 



28.63(1SSD)C 
Dressing with a cutter type 
dresser. 



is held with the lug on the cutter against the 
front edge of the tool rest, as shown in the'flgure* 
The tube type dresser Is held flat on the tool 
rest, as shown in figure 5-62. 

2* Start the ^eel and slowly press the 
dresser against the face until you feel the 
dresser start to »*blte." 

3* Move the dresser from side to sloe ana 
gradually press It forward until you feel it 
**bite** all the way across the face of the wheel* 

Do not grind against the sides or corners of 
a wheel unless it Is absolutely Impossible to do 
the grinding Job on the face* 

A grinding wheel will gradually wear down, 
or will gradually be dressed down, to a diameter 
which is much smaller than the original diame- 
ter. As the wheel becomes smaller, the speed 
of the grinder Should be increased to allow for 
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Figure 5-62.— Dressing with a tube type dresser. 



the reduced speed of travel of the smaller 
grinding face. If the same speed is maintained 
for the smaller wheel, the \i1ieel will •»act 
soft," and it will also wear down too rapidly. 

A new oilstone should be soaked in engine 
oil before it is used for whetting. To prevent 
glazing, oil should always be applied when the 
stone is used for whetting. The stone should be 
wiped clean with cloth or cotton waste after 
each use. A glazed or '♦gumiaed up" stone 
should be washed with dry-cleaning solvent or 
aqua ammonia. If the stone cannot be thoroughly 
cleaned in this manner, It should be scored 
with aluminum oxide abrasive cloth or flint 
sandpaper. 

For whetting plane irons, chisels, and the 
like, the faces of an oilstone must be perfectly 
flat. An uneven face c an be trued up on the side 
of an old grinding wt;eel, or by rubbing on a 
piece of moistened watet^iroof artificial abrasive 
paper laid on a flat, true, hard surtaoe. 

SAFETY RULES 



1. Inspect the wheel for glaze, trueness, 
and general condition before usir^ the machine. 

2. Use safety goggles and eyeshield when 
grinding. 

3. Keep the toolrest close to and above the 
center of the wheel. 

4. Stand to one side of the wheel when 
starting the machine. 

5. Do not wear gloves during grinding 
operations. 



6. Never use a rag to hold the object ttiat 
is being ground. Hold small objects securely 
in a jig, clamp, or other suitable holding device. 

7. Never grind on the side of the wheel. 

8. Always have a pot of water close by the 
wheel to cool off the surface being ground. 

9. Never try to slow the wheel by using the 
bare hands. Walt until the machine coasts to a 
full stop. 

10. Avoid grinding bronze, brass, aluminum, 
lead, or galvanized metal on any emery wheel. 
(If it becomes necessary to grind any of these 
soft metals, dress the emery wheel immediately 
after using.) 

11. If the wheel has received a severe Jolt, 
remove it for thorough inspection and test it 
before using. 

12. Excessive vibration indicates that the 
wheel is out of round. Dress it immediately. 



GLOSSARY OF TERMS 

The following definitions are of terms used 
in chapter 6. 

AIR DRIED LUMBER— Lumber seasoned by 
being permitted to dry out naturally. 

CITPPINU— The tendency of tangential sawed 
boards to curl away from the heart oi the tree. 

GYPSUM— Mineral from which plaster of parts 
is produced. 

KILN DRIED— Lumber artificially dried under 
controlled temperature and relative humidity 
conditions by being placed in a specially designed 
enclosure called a KILN. 

STOPPING OFF - Process of filling up with sand 
a part of a mold to eliminate that part not wanted 
as a part of the casting. 

SWEEP— A board or template shaped to a 
required profile used to remove excess material 
from a mold or core. 

SWEEP WORK— Forming molds or cores by 
using sweeps instead of patterns. 
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CHAPTER 6 

PATTERNMAKING STRUCTURAL MATERIALS 



As a Patternmaker, you will be working 
mostly with wood. Wood is not the only material 
from which patterns can be made. Several other 
materials, such as metals, plasters, and plastics, 
are used in patternmaklng. In selecting the 
material from which to make patterns, you 
must take the following four factors into 
consideration: 

1. Cost per casting. 

2. Number of castings to be produced. 
S. Foundry method to be used. 

4. Design of the casting. 

This chapter provides information on the 
classification of trees, tree growth and struc- 
ture, and the cutting and seasoning of lumber. 
In addition, grades, sizes, measurement, defects, 
care mi storage of wood, and wood Joints 
are considered. 

The pattern shop on a repair ship or tender 
rarely produces patterns for mass production 
work. Usually, only a few castings of a given 
part must be made as quickly and as economi- 
cally as possible. Thus, wood is most often 
the material selected for Navy patterns. 

Twenileth century production methods, such 
as those employed by the railroad, automobile, 
and aircraft Industries, require patterns that 
can stand up uwier more demanding foundry 
methods. Metal has now become a standard 
pattern material In the heavy Industries where 
mass production and machine molding techniques 
are used. In addition, new plaster and plastic 
materials have been developed. Different types 
of tools, machines, and equipment are needed 
for these materials. As a result, where a large 
number of patternmakers are employed in 
industry, specialization takes place and the 
pattei^aker is designated as a wood, metal, 
or plaster craftsman. 

Navy Patternmakers almost invariably use 
wood in the production of pattems* Because 
the Navy does not mass produce castings in 



its shipboard foundries, other patternmaKlng 
materials, such as metal, plaster, and plastics, 
are not used extensively aboard ship. However, 
the Navy wants you to be acquainted with these 
patternmaking developments. 

WOOD 

Trees are basically classified (according 
to the nature of their growth) into four general 
groups: (1) naked seed or needle-leafed trees, 
(2) two-seed or broad-leafed trees, (3) one-seed 
or bamboo trees, and (4) one-seed or palm 
trees. Wood from each group as a v/bo\e has 
its own characteristic qualities. However, woods 
from within each group vary greatly and are 
further classified according to the qualfties of 
hardness, toughness, and flexibility. HARDNESS 
Is measured hy the compression which a piece 
of lumber can undergo when a weight or force 
Is applied to It. The naked-seed or needle-leafed 
woods are generally softwoods and are easily 
worked with tools. Most one-seed or broad-leafed 
woods are hard, and some types are very difficult 
to work with. TOUGHNESS Is the measure of 
strength and durability of wood. Tou^ wood 
will stand rou^ treatment before It will break 
or split. FLEXIBILITY Is measured by the 
amount a piece of lumber will bend before 
breaking. Softwood Is brittle, v/hile most hard- 
wood Is flexible. Moist lumber Is more flexible 
than dry lumber. Hardwoods do not split as easily 
as softwoods and seasoned lumber does iK>t 
split as easily as green lumber. 

Trees are classified In the lumber Industry 
as hardwoods or softwoods. These two terms, 
while used extensively by carpenters and other 
woodworkers, are used more as a matter of 
convenience than as exact classification terms. 
In fact, this classmoatlon does not depend so 
much upon how hard the wood Is as It does upon 
WHAT KIND OF LEAVES THE TREE HAD. 
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If the tree had broad leaves that were shed In 
winter the wood Is classified as hardwood. If 
the tree had needle leaves or cones the wood 
Is called softwood. Generally, softwood Is any 
wood light in texture, nonresistant to warpage, 
and easily worked; while hardwood is any heavy, 
close-grained, warpage resistant wood. 

This classification is somewhat confusing 
because some so-called softwoods are just as 
hard as some of the hardwoods. Also, some of 
the hardwoods are softer than the softwoods. 

Hardwoods are used extensively in general 
construction and repair work because of their 
strength, durability, and elasticity. They are 
also used in making furniture, dowels, and some 
patterns. Among the native hardwoods are ash, 
birch, beech, white oak, poplar, walnut, and 
maple. The most commonly used Imported hard- 
woods are mahogany, teak, and lignum vitae. 

Patternmakers prefer softwoods for most 
patterns. Softwoods are also used as structural 
lumber, boat planking, shoring, and plywood. 
Among the native softwoods are \vhite cedar, 
cypress, Douglas fir, white pine, yellow pine, 
and redwood. 

TREE GROWTH 
AND STRUCTURE 

Every piece of wood Is made up of a number 
of small CELLS, the size and arrangement of 
^Ich determine the grain of the wood and 
many of its properties. Examine a freshly cut 
tree stump, and you will see that the millions 
of large and small cells are arranged In cir- 
cular RINGS around the PITH or center of 
the tree and are growing In a vertical direction. 
The large cells have thin walls and the smaller 
cells have thick walls. See figures 6-1 and 6-2. 
Rings are caused by a dlfferem^e In rate of 
the tree's growth during various seasons of the 
year, in spring a tree grows rt^idly and builds 
up a thick layer of comparatively soft, large 
cells, which appear In the cross section of the 
trunk as the ll|^t-oolored annual rings (SPRING 
RINGS). 

As the weather gets hotter during early 
summer, the rate of growth slows and the 
summer cells become darker and more closely 
packed and form the dark annual rings (ANNUAL 
RING^. Because only these dark rings are 
counted when the age of a tree is being deter- 
mined, maay peqple erroneously believe that only 
one ring Is formed each year. But actually two 
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Figure 6-1.— Cross section of a tree. 
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Figure 6-2. —Structure of wood. 
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rings are formed each year, a llg^t<>oclored 
ring In the spring and a daiicer ring in summer. 
Hie terms early wood and late wood are used 
with reference to the growth zones of the annual 
rings. Some trees, such as oak and walnut, have 
more distinctive rings than others. White pine, 
on the other hand, is so uniform liiat you can 
hardly distinguish the rings. 

The SAPWOOD of a tree is the outer section 
of the tree between the HEARTWOOD (darker 
center wood) and the BARK. Sapwood is lighter 
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in color than beartwood; but, as sapwood grad- 
ually changes to heartwood on tlie inside, it 
becomes darker. The CAMBIUM LAYER is the 
boundary between the sapwood and the bark. 
In this thin layer, new sapwood cells form. 
From 9 to 35 years are required to transform 
sapwood into heartwood, depending upon the 
type of tree. 

MEDULLARY RAYS are radial lines of wood 
cells. (They are especially prominent in oak.) 
Their function is to accommodate horizontal 
movement of cell liquids. In speaking of medul- 
lary rays, THICKNESS refers to the horizontal 
dimension, and WIDTH to the vertical dimension. 

When a tree is sawed lengthwise, the annual 
rings form a pattern which is called the GRAIN 
of the wood. A number of terms are used to 
describe the various wood grain conditions. If 
the cells of the wood which form die grain are 
closely packed and small, the wood is said to 
be FINE-GRAINED or CLOSE-GRAINED. Maple 
and birch are excellent examples of this type. 
If the cells are large, open, and porous, the 
wood is COARSE-GRAINED or OPEN-GRAINED, 
as in oak, walnut, and mahogany. When the 
wood cells and fibers are comparatively straight 
and parallel to tUe trunk of the tree, the wood 
is said to be STRAIGHT-GRAINED. If the grain 
is crooked, slanting, or twisted, the wood Is 
said to be CROSS-GRAINED. The arrangement, 
direction, size, and color of the wood cells 
give the grain of each wood its characteristic 
appearance. 

Trees differ in their rate of growth, and a 
slow growing tree forms a denser pattern of 
annual rings (and therefore a denser grain) 
than a fast growing tree. Therefore, wood from 
the slower growing trees is CLOSErGRAINED, 
and wood from the faster growing trees is 
COARSE-GRAINED. 

When a log is sawed lengthwise into boards, 
each saw cut moves tfarou{^ the annual rings 
at a certain angle. If the angle between the saw 
out and the rings is 45* or greater, the board 
is said to have a VERTICAL GRAIN. If the 
angle is less than 45% the board is said to 
have a FLAT GRAIN. If the log is fed rigjit on 
through in the same position, without being 
turned, the first few outside boards cut off will 
be flat-grained; ttie boards out from the center 
section win be vertical-grained; and the last 
few boards out will be flat-grained. By turning 
the log in various ways between saw cuts, a 
log can be made to produce all vertical-grained 
or all flat-grained lumber. 



Vertical-grained wood resists wear better 
than flat-grained wood of the same species. Most 
flat-grained wood, on the other hand, will take 
and hold a finish better than most vertical- 
grained wood. The term TEXTURE should be 
used to express the relative size pf the pores 
(cells) and fibers as "coarse" and "fine" 
texture, "even" and "uneven" texture. 

Colors of woods are difficult to describe 
exactly In words. For example, FLESH-COLOR 
is a soft shade about the color of the skin; 
STRAW-COLOR is a light-yellow shade of buff; 
CHERRY, the brown color of freshly cut cherry 
wood; and CHESTNUT, the color of chestnuts. 

CUTTING AND SEASONING 
OF LUMBER 

In a large lumber mill such as the ones in 
the Pacific Northwest, logs are processed into 
lumber with huge handsaws and circular saws. 
There are two methods of sawing the logs— 
SLASH-CUTTING and RIFT-CUTTING. (See fig. 
6-8.) Slash-cutting is accomplished by a series 
of parallel cuts. If hardwoods are being cut, 
the* process is known as PLAIN-SAWING. If 
softwoods are being cut, the process is termed 
FLAT-GRAIN SAWING. 




68.34 

Figure 6-8. — Four mettiods of quarter-sawing. 
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RIFT-CUT lumber is specially cut to provide 
edge grain on both faces. If hardwood is so cut, 
it is called QUARTER-SAWED lumber. If soft- 
wood is so cut. it is called EDGE -GRAIN 
LUMBER. When an entire log is slash-cut, 
several boards from near the center of the 
log will actually be rift-cut. 

Slash-cut lumber is usually cheaper because 
less time is required to slash-cut a log, and 
there is less waste involved. Circular or oval 
knots appearing in slash-cut boards affect the 
strength and surface ^pearance much less than 
do spiko knots, which may appear in rift-cut 
boards. If, however, a log is sawed to produce 
all slash-cut lumber, more boards will have 
knots than if the log were all rift-cut. 

In order to get as many ed^-grained boards 
as possible from a tree, the logs are first 
sawed into quarters as shown in figure 6-4. 
Then each quarter is sawed into planks by one 
of the four methods shown in figure 6-4, 
depending upon the use for v«iiioh the lumber 
is intended. RADIAL QUARTER-SAWING will 
yield lumber that is stronger and will warp 
less than that olMiained by any other method of 
sawing. The disadvantages, however, are that 
this method is more costly, takes longer, and 
is more wasteful of material. 

After being sawed, lumber must be thoroughly 
dried before it is suitable for most uses. The 
old method— and one still preferred for some 
uses— was merely to AIR-DRY the lumber in a 
shed or in the open. This method requires 
considerable time— up to 7 years for some 
hardwoods. 

A faster method of drying Is known as KTLN- 
DRYING. In this method the wood is placed in 
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Figure 6-4.— Slash-cutting and rltt-cutting. 



a tight enclosure, called a KILN, where It is 
treated with steam. The time required for drying 
varies from two or three days to several weeks, 
depending on the kind of wood, its dimensions, 
and the methods of steaming. Often a combination 
of drying methods is used; the wood is both 
AIR-DRIED and KILN-DRIED. 

Lumber is considered dry enou|^ for most 
uses v^en the moisture content has been reduced 
to about 12 or 15 percent. For pattern use, the 
moisture content is reduced to 5 or 6 percent. 
As a Patternmaker, you will soon learn to 
judge the dryness of a wood 1^ its color, weight, 
smell, feel, and a visual examination of 
shavings and chips. 

Briefly, SEASONING of lumber is to remove 
the moisture from the millions of large and 
small cells of which wood is composed. Moisture 
(water or sap) occurs in two separate forms; 
FREE WATER and IMBIBED WATER. Free 
water is the amount of moisture the individual 
cells contain. Imbibed water is the moisture 
absorbed by the cell walls. During dxying or 
seasoning, the free water in the individual cells 
evaporates until a minimijm amount of moisture 
is left. The amount of moisture remaining Is 
called the FIBER-SATURATION POINT. The 
fiber-saturation point varies from 25 to 30 per- 
cent, but for general purposes is accepted as 30 
percent. Below the fiber-saturation point, the 
imbibed water is extracted from the porous 
cell walls, causing a reduction of the thickness 
of the walls. 

Wood shrinks across the grain when the 
moisture content is lowered below the fiber- 
saturation point. SHRINKING and SWELLING of 
the wood cells, caused hy varying amounts of 
moisture, change the size of the cells. There- 
fore, ihe LOWERING or RAISING of the moisture 
content causes lumber to shrink or swell. 

The loss of moisture during seasoning causes 
wood to be (1) harder, (2) stronger, (3) stiffer 
and (4) lighter in weight. 

LUMBER DEFECTS 
AND BLEMISHES 



A DEFECT in lumber is any flaw vAdch 
tends to affect the strength, durability, or utiiity 
value of the lumber. A BLEMISH is a flaw 
which mars the appearance of the lumber only. 
A blemish which affects the utility valuv^ of 
the lumber (such as a blemish in wood intended 
for flne furniture or cabinet work) is also a 
defect. 
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You will seldom find a -piece of lumber that 
does not have a defect or blemish of some 
sort. Some, are the result of decay inthe growing 
tree while others are the result of insects, 
worms, aiul fungi, both before and after the 
lumber is out. Other defects and blemishes are 
the result of improper seasoning. Some of the 
defects that may be present in freshly cut logs 
are shown in figure 6-5. 

Probably the most common Cefects are knots, 
which occur in almost all kinds of lumber and 
are the result of branch growth. An INTER- 
WOVEN KNOT is formed while the tree is 
alive and its annual rings are interwoven with 
those of the trunk of the tree. Usually an inter- 
woven knot is solid enough and does not constitute 
a serious defect. If by chance the limb dies, 
the wood formed in the trunk of the tree makes 
no further connection with the limb, but grows 
around it. This, in turn, produces a DEAD 
KNOT which may be loose enough to drop out 
or which may be ti^t enough to become encased 
so that it will hold its shape and position when 
being sawed into lumber. A SPIKE KNOT, 
which is a long thin knot, is the result of the 
way the tree has been sawed. 

Small solid knots are not objectionable in 
most of the lumber that is used aboard ship, 
but lumber having loose or large knots should 
be cut into smaller pieces to eliminate these 
spots in the lumber. 

HEARTSHAKE is another lumber defect. This 
is caused by the action of the wind during the 
growing of the tree and causes a lengthwise 
separation of the annual rings. WINDSHAKE is 
another defect caused by the action of the wl«i 
during the growth of the tree, which causes the 
tree to be twisted. 

A SHAKE is a separation along the length- 
wise grain. It is not the same as a CHECK 
because it already exists when the tree is cut, 
while a check develops as the cut lumber dries. 




SHRINKAGE WINDSHAKE HEARTSHAKE 



29.116(68) 
Figure 6-5. — Defects !n logs. 



A CHECK is a crack or separation, usually 
short, which is caus^ by the uneven shrinking 
of the wood cells in seasoning. Small enclosed 
spaces in the wood that are filled with sap or 
pitch (resin) are called PITCH POCKETS. 

WARP or WARPAGE Is a lumber defect 
in which the faces of a board or timber are 
distorted from a true, flat, plane surface. Or 
in other words, lumber is twisted, bowed, or 
cupped. The varying amount of moisture in the 
wood changes the diameter of the cells of the 
wood, thereby causing the board to shrink or 
swell in width as well as in thickness, but not in 
lengtti, as the cells or tubes lie in a lengthwise 
direction. However, redwood is one of the woods 
that will swell or shrink in all three directions. 
Warping is always the result of swelling and 
shrinking of the wood cells and may be under- 
stood as meaning any change or variation from 
a flat or plane surface of a board. 

WANE is the condition of a board that is 
not full or true to size— one that lacks wood 
along corners, edges, or ends, or is partially 
composed of bark. 

BLUE STAIN is a blemieh caused hy a mold 
fungus. It does not weaken the wood. 

A BARK POCKET is a patch of bark over 
which the tree has grown, and vMch it has 
entirely or almost entirely enclosed. 

CROSS-GRAINED lumber is lumber in which 
the grain does not parallel the lengthwise axis 
of the piece, or in which the grain spirals 
around the lei^wise axis. 

Some of the lumber defects that are caused 
improper seasoning of the lumber either by 
air-drying or kiln-drying aie called HONEY- 
COMBING and CASE-HARDENING. Honeycomb- 
ing is a series of checks or cracks either on 
the surface or in the center of the lumber 
caused Y>y the stresses set up in the lumber 
during the drying process. If these stresses are 
not properly relieved, isy adding moisture during 
the seasoning of the lumber, honeycombing will 
result in the dried lumber. 

Case-hardening is the drying of the outside 
layers of cells before the cells in the center 
have an opportunity to dry. The surface of the 
board, however, cannot shrink properly until 
the center has shrunk, thus causing this surface 
to become set when eiqpanded. Then, v/hen the 
inner layers of cells become dry and are ready 
to shrink, the wood is stressed. 
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CLASSIFICATION 
OF LUMBER 

Lumber is classifierl into three major use 
categories as follows: 

YARD LUMBER grades for general building 
purposes where the piece is to be used as a 
whole. 

FACTORY AND SHOP LUMBER grades 
where the lumber is to be cut-up in further 
manufacture. 

STRUCTURAL material of relatively large 
dimension where the piece is to be used as a 
whole and where strength factors are definitely 
appraised independently of appearance factors. 

An IMPORTANT EXCEPTION to this gen- 
erally applicable classification according to uses 
is that boxes and containers are produced largely 
from the yard lumber grades rather than factory 
grades, because for this purpose clear pieces 
are not normally required. 

LUMBER SIZES 

Pieces of lumber which are less than 2 
inches thick are usually called BOARDS. Pieces 
which are from 2 to 5 inches thick are called 
PLANKS or DIMENSION LUMBER. Heavier 
pieces are called TIMBER. 

Softwoods, particularly those used for con- 
otruction, are usually cut to standard thicknesses, 
widths, and let^ths as are those hardwoor's to 
be used for construction such as oak. 

The DRESSED dimensions of a piece of 
lumber are always smaller than the specified 
size (NOMINAL SIZE). The NOMINAL SIZE is 
the actual size of the lumber in its rough form 
as it comes from the saw milU 

DRESSKD lumber is lumber which has been 
surfaced (planed smooth) on two or all four 
sides. Lumber «4iich has been surfaced on two 
sides is designated as S2S (surfaced on two sides); 
lumber yjbich has be<3n surfaced on all four sides 
is designated as S4S (surfaced four sides). Most 
lumber used in general construction is S4S, 
v^ich most lumber used for patternmaking is 
nominal size. The nominal sizes and the actual 
dressed (S4S) dimensions of 8om<% common sizes 
of boards follow: 



The nominal sizes and the actual dressed 
(S4S) dimensions of some common sizes of 
dimension lumber are as follows: 



Nominal size 

1x6 
1x8 
1x10 



Dressed dimensions 

25/32 X 5 5/8 
25/32 X 7 1/2 
25/32 X 9 1/2 



Nominal size 

2x2 

2x4 

2x6 

2x8 

2x10 

2 x 12 

4x4 



Dressed dimensions 

15/8x1 5/8 
15/8x3 5/8 
15/8x5 5/8 
15/8x7 1/2 
15/8x9 1/2 
1 5/8 X 11 1/2 
3 5/8x3 5/8 



All softwood framing lumber, and most other 
softwood lumber, is cut to even-numbered-foot 
lengths, such as 10 ft, 12 ft, 14 ft, and so on. 
Hardwood is sometimes cut to odd-numbered 
as well as even-numbered-foot lengths. 

Hardwoods to be used for cabinets, furniture, 
and other finish work are usually cut to specific 
thicknesses (in graduations of 1/4 indi) and to 
random widths and lengths (RWL) with a 
specified minimum. For example, an order for 
walnut would be written as 4/4 X 4 X 6 RWL. 
This would tell the supplie: '-al you require 
material 1 inch thich (4/4), at least 4 inches 
wide and at least 6 feet long. 

GRADING OF LUMBER 

Lumber grades are based on the type and 
extent of defects, size of the pieces, and seasoning 
condition. Softwood lumber is graded for quality 
in accordance with American Lumber Standards 
set by the National Bureau of Standards for the 
U. S. Department of Commerce. The major quality 
grades, in descending order of quality, are 
SELECT LUMBER, (usually used for interior 
finish), and COMMON LUMBER, which is usually 
used for house construction. Each of Oiese 
grades has subdivisions in descending order 
of quality as follows: 

GRADE A lumber is select lumber which 
is practically free of defects and blemishes. 

GRADE B lumber is select lumber which 
contains a few minor blemishes. 

GRADE C lumber is finish item lumber which 
contains more numerous aid more significant 
blemishes than grade B All of these must be 
capable of being easily and thorouc^ly concealed 
with paint. 

GRADE D lumber is finish item lumber which 
contains more numerous and more significant 
blemishes than grade C, but M^ch is still 
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capable of presenting a satisfactory appearance 
^en painted. 

NO. 1 COMMON lumber is sound, tightknotted 
stock* containing only a few minor defects. It 
must be suitable for use as waterti^t lumber. 

NO. 2 COMMON lumber contains a limited 
number of significant defects, but no knot holes 
or other serious defects. It must be suitable for 
use as graintig^t lumber. 

NO. 3 COMMON lumber contains a few defects 
which are larger and coarser than those in No. 2 
Common: occasional knot holes, for example. 

NO. 4 COMMON lumber is low-quality 
material, containing serious defects like knot 
holes, checks, shakes, and decay. 

NO. 5 COMMON is capable only of holding 
together under ordinary handling. 

If you buy MILL-RUN lumber, you take 
everything that is sawed except the slabs (bark). 

The grades of construction, standard, utility, 
and economy are used in some associations. 

All species are covered by the grading rules 
and size standards of some association or grad- 
ing bureau. In the case of softwood lumber, 
standards are set by a regional manufacturer's 
association. In a few cases, a softwood species 
growing in more than one region is graded under 
rules of two different associations. There is 
great advantage to the purchaser, wdiiether large 
or small, to buy according to these association 
grades rather than to attempt to buy according 
to his own individual specifications unless the 
reqmirements are actually very unusual. Oc- 
casionally a departure from the standard grade 
provision is necessary to cover unusual require- 
ments. This is best handled as an exception 
to a standard grade rather than as an entirely 
special grade. 

Hardwoods are graded as firsts, seconds, 
selects, Ntmiber 1 common, an! Number 2 
common. These grades denote only the amount 
of deer, usable lumber in a particular piece 
and are established by the National Hardwood 
Manufacturers' Association. 

The best way to buy hardwoods, for any use 
olber than construction, is by personal inspection. 



MEASURING LUMBER 
(BOARD MEASURE) 

As applied to lumber measure, THICKNESS 
is the dimension between the two face surfaces, 
WIDTH is the dimension between two edges 
which are parallel to the wood grain, and 
LENGTH is always the dimension between two 
ends and is parallel to the wood grain regardless 
of the width dimension. 

It is common practice to state the thickness 
dimension first and in inches, the width second 
(also in inches), and tne length last, but in feet. 
Therefore, if you were told to get a 2 by 4 by 
6, you would know to find a piece 2 inches thick 

4 inches wide by 6 feet long. 

The standard measure for lumber is a board 
foot, usually abbreviated as bf or bd ft. A board 
foot is Simply l/l2 of a cubic foot. In other 
woxds, a board measuring 1 inch thick, 12 
inches wide, and 12 inches long would contain 
1 bd ft. Figure 6-6 shows pieces of wood with 
different measurements which all contain 1 bd 
ft. 

There are several formulas you may use to 
determine bd ft. The one most commonly used 
could be called the INCHES, INCHES, FEET 
method. To use it, multiply the thickness (T) 
in inches by the width (W) in inches by the 
lengOi (L) in feet and divide the product by 
12. Therefore, the formula would be written ast 

taft. T"«W"»y 



To explain fiirther, let's suppose that you 
want to determine the bd ft contained in a piece 
measuring 1 inch thick by 8 inches wide by 
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Figure 6-6. —The board foot. 
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9 feet long. Using the formula, you would work 
it like this: 



Since 1 multiplied by 8 equals 8 and 8 
multiplied by 9 equals 72^ your formala would 
now be reduced to 72 over 12: 



bdft«4| 

Now» all that is left to do is divide 12 into 
72 which produces a quotient of 6, Thereforet 
a board measuring 1 inch by 8 inches by 9 feet 
will contain 6 bd f t« 

When calculating board feet, a board less 
than 1 inch thick is counted as 1 inch. A board 
more than 1 inch thick is figured to the next 
larger 1/4 i; ch increments Thus, a board havii^ 
a thickness of 1 1/8 inches would be calculated 
as 1 1/4 inches. 

Another point to remember is that board 
measure is calculated on the basis of the 
NOMINAL not the dressed dimension of the 
lumber^ 

Another common way of measuring lumber 
is by lineal measure. Lineal measure is simply 
the length measurement of a piece of lumber. 
Therefore, If you had a 2x4x6, its lineal 
measurement would be 6 feet. 

This method is often used when buying 
dimensioned lumber for construction purposes 
such as 400 lineal feet of 2 x 4, 

COMMON TYPES OF WOODS 

Before proceeding with a discussion of wood 
materials used by the patternmaker, it will be 
helpful for you to review the sources, uses, and 
characteristics of the various types of common 
woods. This information is provided in table 
6-1, 

PATTERN LUMBER 

^Woods that have a comparatively straight 
close grain, that are easy to work and not 
given to excessive warp or shrinkage are 
selected for pattern work. The selection of 
boards containing too much moisture or pitch 



should alv/ays be avoided. Such boards are 
difficult to work, doiK>t retain a smooth surface, 
and will warp or shrink excessively* 

A board that contains an excess of pitch 
may be detected its unusual weight. When 
the board is planed, large amounts of pitoh 
may readily be seen. Although excessive moist-* 
ure cannot always be detected by weight, it can 
at all times be seen or felt while the board 
is in the roug^* Tsually, however, excessive 
moisture does not show until the board has 
been crosscut or dressed. 

Kinds of Pattern Lumber 

The woods most frequently used In pattern 
construction are redwood, v*iite pine, ponderosa 
pine, mahogany, and poplar, 

REDWOOD is used extensively by pattern 
shops on the west coast This wood is inferior 
to the bel*:r grades of sugar pine and white 
pine, but tor all-*round practical use, it answers 
the requirements of the average pattern Job* 
There is aa abundant supply of redwood at 
present, and the best grades are easily worked 
and quite adaptable for large pattern construe-* 
tion. Redwood has one peculiar property posses* 
sed by no other wood— it shrinks in length as 
well as in thickness and width. The name 
"redwood*^ is derived from the reddish-brown 
color of the wood itself. It is very closely 
related to and bears a marked resemblance to 
pine» but is much more durable when in contact 
with the soil or when e>q)osed to weather. 

The redwood tree grows exclusively on the 
west coast, being native to the coastal regions 
of California and the southern coast of Oregon* 
The age of these forest giants runs as hig^ as 
3000 to 4000 yeairs; and they freq^ently grow 
vo a height of 350 feet, with a diameter of 25 
feet or greater, 

WHITE PINE is the best wood for making 
simple patterns which will be used less than 
30 times and are under 2 feet in lengthy This 
wood is smooth, straight-grained, even-grained, 
soft, lightweigtit, and although not very strong, 
warps very little when properly seasoned. White 
pine is quite easily shaped, is free from knote, 
and is most economical. With sharp tools, you 
can cut and carve iKrihite pine almost like soap, 
since the annual growth rings are so fine as to 
be almost invisible* White pine takes a good 
coat of shellac or glue but may be easily chipped 
or broken* Ite color ranges from almost white 
to light yellowish-brownt frequently tinged with 
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Table — Common Woods 



Type 



Sources 



Uses 



Characteristics 



Ash 



Balsa. • • 



Basswood 



Beech* • • • 



Birch • • • • 



Butternut 



o 

ERLC 



East of Rockies 



Ecuador. 



Eastern half of U.S. 
with exception of 
coastal regions. 



East of Mississippi, 
Southeastern 
Canada. 



East of Mississippi 
River and North of 
Gulf Coast States, 
Southeast Canada, 
Newfoundland. 



Southern Canada, 
Minnesota, 
Eastern U. S. as 
far south^as 
Alabama and 
Florida* 



Oars, boat thwarts, 
benches, gratings, 
hammer handles, 
cabinets, ball bats, 
wagon construction 
farm implements* 

Rafts, food boxes, linings 
of refrigerators, life 
preservt.rs, loud 
speakers, sound-proofing, 
air-conditioning devices^ 
model airplane construc- 
tion. 

Low-grade furniture, 
cheaply constructed 
buildings, interior 
finish, shelving, 
drawers, boxes, drain-* 
boards, woodenware, 
novelties, excelsior, 
general millwork. 

Cabinetwork^ imitation 
mahogany furniture, 
wood dowels, capping, 
boat trim, interior 
finish, tool handles, 
turnery, shoe lasts, 
carving, flooring. 

Cabinetwork, imitation 
mahogany furniture, 
wood dowels, capping, 
boat trim, interior 
finish, tool handles, 
turnery » carving. 



Toys, altars, woodenware, 
millwork, interior trim, 
furniture, boats, scien- 
tific instruments. 
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Strong, heavy, hard, tough, 
elastic, close straight 
grain, shrinks very little, 
takes excellent finish, 
lasts well* 



Lightest of all woods, very 
soft, strong for its 
weight, good heat insulat- 
ing qualities, odorless. 



Soft, very light, weak, brit- 
tie, not durable, shrinks 
considerably, inferior to 
poplar, but very uniform, 
works easily, takes 
screws and nails well 
and does not twist or 
warp. 

Similar to birch but not so 
durable when exposed to 
weather, shrinks and 
checks considerably, 
close grain, light or dark 
red color. 



Hard, durable, fine grain, 
even texture, heavy, stiff, 
strong, tough, takes high 
polish, works easily, 
forms excellent base for 
white enamel finish, but 
not durable when exposed. 
Heartwood is light to dark 
reddish brown in color. 

Very much like walnut in 
color but softer, not so 
soft as white pine and bass* 
wood, easy to work, coarse 
grained, fairly strong. 
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Table 6-1, — Common Woods — Continued 



Type 



Sources 



Uses 



Characteristics 



Cypress. . • . 



Douglas Fir. 



Elm. 



Hickory. 



Ugnum 
Vitae . . 



Live Oak . 



Maryland to Texas, 
along Mississippi 
valley to Illinois. 



Pacific Coast, 
British Columbia. 



States east of 
Colorado. 



Arkansas, Tennes- 
see, Ohio, Ken- 
tucky. 



Central America. 



Mahogany . . . 



Southern Atlantic 
and Gulf Coasts 
of U.S. , Oregon, 
California. 

Honduras, Mexico, 
Central America, 
Florida, West 
Indies, Central 
Africa, other 
tropical sections. 



Small boat planking, 
siding, shingles, sash, 
doors, tanks, sUos, 
railway ties. 

Patternmaking, 

deck planking on large 
ships, shores, strong- 
backs, plugs, filling 
pieces and bulkheads of 
small boats, building 
construction, dimension 
timber, plywood. 

Agricultural implements, 
wheel-stock, boats, fur- 
niture, crossties, posts, 
poles. 

Tools, handles, wagon 
stock, hoops, baskets, 
vehicles, wagon spokes. 



Patternmaking, 
block sheaves and pulleys, 
waterexposed shaft bear- 
ings of small boats and 
ships, tool handles, 
small turned articles, 
and mallet heads. 

Implements, wagons, ship 
building. 



Patternmaking, 
furniture, boats, decks, 
fixtures, interior trim 
in expensive homes, 
musical instruments. 



Many characteristics similar 
to white cedar. Water re- 
sistant qualities make it 
excellent for use as boat 
planking. 

Excellent structural lumber, 
strong, easy to work, clear 
straight grained, soft, but 
brittle. Heartwood is dur- 
able in contact witli ground, 
best structural timber of 
northwest. 

Slippery, heavy, hard, tough, 
durable, difficult to split, 
not resistant to decay . 



Very heavy, hard, stronger 
and tougher than other 
native woods, but checks, 
shrinks, difficult to work, 
subject to decay and insect 
attack. 

I^rk greenish brown, unu- 
sually hard, close grained, 
very heavy, resinous, diffi- 
cult to split and work, has 
soapy feeling. 



Very heavy, hard, tough, 
strong, durable, difficult to 
work, light brown or yellow 
sap wood nearly white. 

Brown to red color, one of 
most useful of cabinet 
woods, hard, durable, does 
not split badly, open 
grained, takes beautiful 
finish when grain is filled 
but checks, swells, shrinks, 
warps slightly. 

• 
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Table 6-1.— Common Woods— Continued 



Type 


Sources 


Uses 


Characteristics 


Maple... . . . 


All states east of 
Colorado, South- 
ern Canada. 


Patternmaking. 
excellent furniture, high- 
grade floors, tool handles, 
shiD construction cross- 
ties, counter tops, 
bowling pins. 


Fine grained, grain often 
curly or "Bird's Eyes," 
neavy, lougn, naru, siruiit^, 
rather easy to work, but 
not durable. Heartwood is 
light brown, sap wood is 
nearly white. 




States bordering 
Great Lakes. 


Dimension timber, masts, 
spars, piling, interior 


Light, fairly hard, strong, 
not durable in contact with 




trim- 


ground. 


Philippine 
Mahogany. . 


Philippine Islands 


Patternmaking » 
pleasure boats, medium- 
grade furniture, interior 
trim. 


Not a true mahogany, 
shrinks, expands, splits, 
warps, but available in 
long, wide, clear boards. 


Poplar .... 


Virginias* Tennes- 
see» Kentucby* 
Mississippi 
VaUey. 


Patternmaking , 
low-grade furniture 
cheaply constructed 
buildings, interior 
finish, shelving, drawers. 


Soft, cheap, obUinable in 
wide boards, warps, 
shrinks, rots easily, light, 
brittle, weak, iHit works 
easily and holds nails well, 
fine-textured. 


Red Cedar. . 


East of Colorado 
and north of 
Florida. 


Mothproof chests, lining 
for linen closets, sills, 
and other uses similar 
to white cedar. 


Very light, soft, weak, brit- 
tle, low shrinkage, great 
durability, fragrant scent, 
generaUy knotty, beautiful 
when finished in natural 
color, easily worked. 


Red Oak . . . 


Virginias* Tennes- 
see» Arkansas* 
Kentucky* <%io> 
Missouri, Mary- 
land- 


Interior finish, furniture, 
cabinets, millwork, 
crossties when preserved. 


Tends to warp, coarse grain, 
does not last well when ex- 
posed to weather, porous, 
easily impregnated 
with preservative, heavy, 
tough, strong. 


Redwood . . 


California. 


Patternmaking. 
general construction, 
tanks, paneling- 


Inferior to yellow pine and 
fir in strength, shrinks and 
splits little, extremely 
soft, light, straight grained, 
very durable, exceptionally 
decay resistant. 
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Table 6-1.— Common Woods— Continued 



Type 


Sources 


Uses 


Characteristics 


Spruce .... 


New York, New 
England, West 
Virginia, Central 
Canada, Great 
lakes States, 
Idaho, Washington* 
Oregon. 


Railway ties, resonance 
wood, piles, airplanes, 
oars, masts, spars, 
baskets. 


Light, soft, low strength, 
fair durability, close grain, 
yellowish, sap wood 
indistinct. 


Sugar 
Pine .... 


California, Oregon. 


Same as white pine. 


Very light, soft, resembles 
white pine. 


TgsiR • • • • • 


India, Burma, 
Siam, Java. 


Deck planking, shaft 
logs for &>mall boats. 


Light brown colbr;. strong, 
easily worked, durable, 
resistant to damage by 
moisture. 


Walnut .... 


Eastern half of U.S. 
except Southern 
Atlantic and Gulf 
Coasts, some in 
New Mexico, 
Arizona, 
California. 


Expensive furniture, cab- 
inets, interior woodwork, 
gun stocks, tool handles, 
airplane propellers, fine 
boats, musical instru- 
ments. 


Fine cabinet ^70od, coarse 
grained but takes beautiful 
finish when pores closed 
with woodfiller, medium 
weight, hard, strong, 
easily worked, dark choco- 
late color, does not warp or 
checks brittle. 


White 
Cedar. . . . 


Eastern Coast of 
U.S., and around 
Great lakes. 


Boat planking, railroad 
ties, shingles, siding, 
posts, poles. 


Soft, light weight, close 
grained, exceptionally dur- 
able when exposed to water, 
not strong enough for build- 
ing construction, brittle, 
low shrinkage, fragment, 
generally knotty. 


White Oak . . 


Virginias, Tennes- 
see, Arkansas, 
Kentucky, Ohio, 
Missouri, Mary- 
land, Indiana. 


Boat and ship stems, stern- 
posts, knees, sheer 
strakes, fenders, cap- 
ping, transoms, shaft 
logs, framing for build- 
ings, strong furniture, 
tool handles, crossties, 
agricultural implements, 
fence posts. 


Heavy, hard, strong, medium 
coarse grain, tou^, dense, 
most durable of hardwoods, 
elastic, rather easy to work, 
but shrinks and likely to 
check. Light brownish 
grey in color with reddish 
tinge, me(faillary rays are 
large and outstanding and 
present beautiful figures 
when quarter sawed, re- 
ceives hi^ polish. 
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Table 6-1, — Common Woods — Continued 



Type 


Sources 


Uses 


Characteristics 


White 


MinnesoU, Wiscon- 
sin, Maine, Mich- 
igan* Idaho, 
Montana, Wash- 
ington, Oregon, 
California 

Virginia to Texas. 


Patterns, any interior job 
or exterior job that does- 
n't require maximum 
strength, window sash, 
interior trim, mlllwork, 
cabinets, cornices. 

Most Important lumber for 
heavy construction and 
exterior work, keelsons, 
risings, filling pieces, 
clamps, floors, bulkheads 
of small boats, shores, 
wedgc^s, plugs, strong- 
backs, staging, joists, 
posts, piling, ties, paving 
blocks. 


Easy to work, fine grain, 
free of knots, takes excel- 
lent fii^lsh, durable when 
exposed to water, expands 
when wet, shrinks when dry, 
soft, white, nails without 
splitting, not very strong, 
straight grained. 

Hard, strong, heartwoodis 
durable In the ground, grain 
vanes, nBavy, iuu{jii, * vw 
dish brown In color » resin- 
ous, me«tullary rays well 
marked. 


Yellow 
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red. This tree grows extensively throughout the 
Great Lakes region, west of Michigan. In the 
Wesfcv the name "white pine" Is usually appUod 
to the native sugar pine which grows extensively 
m noitfaem California and southern Oregon. 

PONDEROSA PINE, otten mistakenly called 
**9ugar pine*' In the pattern shops of the west 
coast, is a comparatively recent introduction 
to the pattern shop. In appearance. It closely 
resembles the sugar pines but Is not as satis- 
factory for pattern work. It usually warps easily, 
18 subject to considerable shrinkage, and is 
more "pitchy" than sugar pines. 

MAHOGANY, a wood that Is more durable 
and harder than pine, is used when 80 to 100 
castings are required. It Is also used for patterns 
having long or thin sections or projections. This 
wood is strong, coarse-grained, and warps very 
Uttle. It is soft enous^ to cut and nail easily, 
yet It is hard enough to stand a lot of abuse. 
Mahogaqy is often very difficult to plane or 
carve In the direction of the grain, but it is 
excellent for cross-grain carving, and will cut- 
last pine three to one. 

Several varieties of mahogany are used— 
%)anlsh mahogany from the West Indies; 



Hondures mahogany (also called baywood) and 
Mexican mahogany from Central America and 
Mexico; and Sen^;al mahogany from Africa. 
It Is rather difficult to distinguish one variety 
from the others. In color, mahogany Is usually 
reddish-brown but often varies to lighter and 
mottled shades. 

POPLAR is used in many pattern Shops. 
It is soft, very close-grained and straight- 
grained. However, because of brittleness and 
excessive shrinkage, as well as a marked 
tendency toward waxplng, the uses to which it 
may be put are limited. Poplar ranges In color 
from off-white to Ught yellow. Some species 
vary from li^^t to dark green. The dark green 
variety often turns brown after extended ex- 
posuie. The poplar tree grows extensively in 
the eastern part of the United States from the 
Gulf of Mexico north into southern Canada. 

The Patternmaker occasionally works with 
certein other woods, of which a brief (tesoription 
follows. 

MAPLE, principally eastern maple, is very 
hard and is difficult to work. It varies In color 
from light brown to white. Oregon maple (western 
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soft maple) is close-grained and reddish-brown 
in colon This wood is used chiefly in the manu- 
facture of furniture and tool handles. Oregon 
maple is also used for certain parts of patterns 
that are designed to ei^ure heavy wear and tear 
or that are weak due to their shape or size. 
In adtiit.lon» maple will o^itlast pine eig^t to one. 

WHITE ASH is open-^ralned» elastiOt and 
harcU In color it is llg^t brown with the sapwood 
almost whlte^i 

BLACK WALNUT grows in the eastern part 
of the United States. It is very durable and 
very hard« When used as pattern material^ black 
walnut will outlast pine five to one. 

HICKORY is the strongest^ heaviest^ and 
toughest of all American woods* It is also quite 
flexible* The color of hickory varies from brown 
toixliite* 

OREGON PINE (Douglas fir) is of two 
vaxieties^ red ar^ yellow. The yellow is the 
more valuable of the twot being hard» strong* 
and very durable— but difficult to work« Oregon 
pine is used in the pattern shop occasionally 
in the production of equipment. 

CHERRY is brown in color* close-grained, 
and very bard— but warps excessively. Cherry 
is a little difficult to carve, but used for 
small patterns will outlast pine five to one. 

LIGNUM VITAE is excessively Loavy, hard, 
and resinous* Its color varies from lig^t yellow 
to dark greenish-brown— at times almost black. 
This wood is native to tropical America, New 
South Wales, and New Zealand. 

TEAK is heavy, strong, and oily. Its color 
is qiulte daiAc It does not shrink, crack, or 
warp. Teak comes from East India. 

Care and Storage 
of Pattern Lumber 

Lumber is just as much a patternmaking 
tool as is the saw or plane and should be 
c<MSi<tored as such. Prc^r maintenance must 
be giv^n to lumber. Pattern lumber rr.ast be 
properly stowed and cared for to prevent it 
from becoming water-soaked, rotted, or warped. 
The best way to stow lumber is by stacking 
*\ on end in racks built for the purpose so that 
it can circulate all around the boards; this 
circulation dries the wood evenly and reduces 
warping. 

Sufficient room can seldom be fdund aboard 
ship for storing lumber on end: so it must be 
stored in Vb» next best manner. The generally 
accepted method is to store the Tunber hori- 
sontaU^* The lumber is eepatBlteA Ixy si/es; 



all the 1-inch pieces together, the 1 /2-inch 
pieces together, etc. In placing the lumiwr in 
racks, small strips or battens about 1 inch 
thick should be placed across the boards about 
6 feet apart to separate the boards and form 
a space for the air to circulate around them. 
Circulation of air is important. A board that 
has been dressed and then laid on one of its 
wide surfaces, without full air circulation, will 
usually warp toward the exposed surf a;« because 
the air absorbs the moisture from the esqposed 
surface, but not from the underneath surface. 

Usually, there is an overhead lumber storage 
rack in the pattern shop, but because of space 
limitations aboard a r^air ship or tender, the 
bulk of the lumber is stowed in other parts of 
the ship. The use of overhead storage racks on 
the port and starboard weatherdeck passageways 
is a common practice. 

A careful record of the pattern lumber used 
and on hand should be maintained. If possible, 
at least 3 months* supply should be on hand 
at all times. 

MANUFACTURED 
WOOD PRODUCTS 

LAMINATED lumber is made up of lay<^rs of 
wood that are glued face-to-face with the grain 
of adjacent layers parallel (fig. 6-7). The 
component parts i^ich are glued together to 
make laminated lumber may be thin sliced 
sheets of veneer or th^ may be sawed boards. 
Plywood frequently alternates grain to give the 
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Figure 6-7.-— Laminated lumber. 
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member the quality of nonsplittii^ and stability. 
(Note: Plywood alternates grain each ply and 
laminated wood never alternates grain.) 

One advantage of laminated wood is that it 
can be made up of unlimited thicknesses. Also, 
by staggering the ends of individual layers it is 
possible to secure members that are much 
longer than solid timbers. 

PLYWdOD (fig. 6-8) is made up of thin layers 
of wood that are glued face-to-face at ri^t angles 
to one another. It always has an odd number of 
plies— veneered stock for use In the manufacture 
of furniture usually having five layers. A thick 
layer, called the core, is In the center. The 
layers glued on with their grain running across 
that of the faces are called cross bands. The 
surface layers or faces are placed so that their 
grain runs parallel to the long direction of the 
panel. 

Ordinarily l/4-in. and l/6-ln. plywood (fir) 
has only 3 plies. Thicker plywood may have as 
many as 15 plies— but always an odd number. 
The standard size of plywood sheets is 4 feet 
wide by 6 to 12 feet long, though smaller and 
larger sizes are available. Because of the cross- 
grain effect. It Is almost impossible to split 
plywood, and shrinking and swelling are 
negligible. 

The development of special glues and other 
bonding materials has made possible a type of 
plywood hl^ly resistant to water. It was widely 
used during World War II, and Is still used 
extensively In the Navy. 

There are two basic grades of plywood— 
Interior and exterior. Most plywood produced Is 
of the Interior type. Althou^ it can stand an 
occasional wetting and subsequent normal drying 
without losing its original form and strength. 
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Figure 6-8. — Plywood. 



interior plywood is unreliable In wet places. 
Exterior type plywood will retain Its original 
form and strength when repeatedly wet and 
dried and otherwise subjected to the elements. 
It is suitable for permanent exterior use. Most 
plywood is branded or stamped, on the edge 
with the symbol "EXT.»» or "INTERIOR" (INT). 
In addition, other markings carrying more 
complete information are stamped on the back 
of the plywood sheet. A typical Douglas fir 
back stamp, with all symbols explained, is shown 
in figure 6-9, 

Plywood Is graded by the quality of the face 
veneers, with A being the best and D the poorest 
(fig. 6-9). The grading is based upon the num- 
ber of defects such as knotholes, pitch pockets, 
and splits, and the presence of streaks, dis- 
coloratlons, s^ood, shims, and patches In 
each face of the panel. Plywood also comes 
with resln-impregnated fiber faces which provide 
better painting surfaces and better wearing 
qualities. 

Because of the conditions of Its manufacture, 
plvwood can generally be asstmied to be dry when 
received. It should therefore be stored In a 
closed shed. For long stor^ a heated storage 
area is recommended. 

Plywood Is commonly solid piled. Under 
humid conditions, there is some tendency for 
edges to swell because of exposed end grain, 
and this swelling causes dishing, especially 
in the upper panels of high piles. Dishing can 
be minimized by placing strips in the pile at 
intervals. Enough strips should be used so that 
plywood will not bend between them. Dry 1-lnoh 
strips are suitable for supporting plywood. 

FIBERBOARD conforming to Federal^Speclfl- 
catlon LLL-F-821 is made of wood or vegetable 
fiber, and Is compressed to form sheets or 
boards. It is available in sizes from l/2 in. 
to 1 in. in thickness, 2 to 4 ft in width, and 8 ft 
to 12 ft in length. The boards are comparatively 
soft and provide good insulation and sound 
absorbing qualities. Fiberboard usually has a 
rough surface, but is also available with finished 
surfaces. 

HARDBOARD is known by several trade 
names. They are all made by separating and 
treating wood fibers vMch are then subjected to 
heat and heavy pressure. Hardboard Is availablo 
In thickness from 1/16 in. to 5/l6 in. The mosi 
Gonmion size of sheet Is 4 ftx 8 ft but other sizes 
are available. The finish may be obtained in a 
plain smooth surface or in any of a number of 
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ply w(m4s tiit«H«r •r fMiMl bock. 
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Figure 6-9.— Typical Douglas fir back stamp. 



.glossy finishes, some of vibich imitate tile or 
stone. Structural type bardboard used in the Navy 
oomforms to Federal Specification LLL-H-S5. 
Where moisture resistance or extra strength is 
required, Qass B treated bardboard should be 
used, otherwise Class A is satisfactory. 



METAL 

When a great number of castings is desired, 
or when a wood pattern might be too weak, 
metal patterns are tihie answer. Because metal 
patterns are more eiqpensive than wood patterns, 
fhey are seldom used in Navy Installations; that 
Is, except for hls^ production woriu Moreover, 
metal patterns are heavy in weight, which, of 
course, limits their siase. However, since metal 
patterns have less tendency to warp, the amount 
of time consumed in making repairs can be 
held to a minimum. 

The chief advantages of metal patterns are 
that they are far stronger and do not warp or 
shrink like a wood pattern does. Because they 
have no coarse grains— as in wood— metal 
patterns tend to produce better finishes on 



castings. They are extremely durable, showing 
little evidence of wear due to the abrasive action 
of the molding sand even after many months of 
use. Metal patterns are ideal to use for the 
fine lines aiul <tetatls that are reqpiired of some 
types of castings. Hie cost of a casting produced 
from a metal pattern is considerabty less than 
that of a casting made from a wooden pattern. 
Metal patterns can be made to conform to the 
working drawing to within 0.001 inch, thus 
ensuring a more accurate oastUig. In addition, 
less draft is reqMired, better draws from a 
mold can be made, and greater detail pickup 
can be obtained, thus resultiug in a more sound 
casting. 

TYPES OF METALS 
USED FOR PATTERNS 

The Patternmaker decides the kind of metal 
or all<^ to be used in making a metal pattern, 
considering the size of the pattern and the degree 
of sharpness reqMlred of the small details. 
The metals usually preferred for patterns are 
aluminum, brass, and iron. Aluminum is used 
most because it is the lightest of the three 
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metals and does not tend to rust or corrode. In 
metal pattern work of a general nature, aluminum 
may be alloyed with zinc for i)oth hardness 
and li^tness. At times, the aluminum pattern 
may be supplemented by steel, brass, or white 
metal sections. 

Brass and iron are used when added strength 
is needed, and at times when aluminum is 
not available. Brass patterns draw well from 
molding sands and are used frequently for small 
objects. When iron is used, the casting is filed, 
ground, machined to size and shape, and then 
allowed to rust sli^tly. After a sufilicient amount 
of rust has accumulated, the casting is sanded 
and given a lig^t coat of shellac. The shellac 
fills up the pores in the metal, making a smooth 
surface, 

FORMS OF METAL PATTERNS 

Metal patterns are made in a variety of forms. 
The most common form is known as a HAND 
PATTERN which will make one casting per mold. 
This type of pattern is used when a limited 
number of castings is required and the general 
pattern shape and dimensions do not permit the 
use of a wooden pattern to hold tiie pr<^er 
tolerances. An example of this of pattern 
is the deck drain pattern or a special type of 
batch dog. 

When a large number of castings is required, 
it is possible to increase the production of 
these castings metal patterns that are soldered 
to a common runner. This type of pattern, called 
a MULTIPLE or GATED PATTERN, is connected 
to the runner by means of a gate. In most cases, 
the patterns, runner, and gates can be mounted 
on a matchboard or mounted in a pattern frame 
that can be rammed up the same as a match- 
board. Figure 6-10 illustrates metal patterns 
mounted on metal match plates. The gates of 
this type of pattern are known as BRANCH 
GATES or PATTERN CONNECTIONS. The best 
example of this type of pattern is the hatch 
dog and eye-bolt. 

When the parting line of a gate of patterns 
is irregular, so that it is impossible to mount the 
patterns on a flat plate (matchboard), they can be 
mounted on a PATTERN FRAME that fits the 
flask pins. The gate of patterns can be suspended 
on the frame by the use of STOP-OFFS. Upon 
withdrawal of the pattern frame from the drag 
half of the mold, the stop-off portion of the 
mold cavity is filled in with sand prior to 
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Figure 6-10, —Metal patterns mounted on metal 
match plates. 

closing. Another way is to take the gate of 
patterns to the foundry and have an aluminum 
plate cast with the patterns, runners and gates 
attached. This type of match plate is called a 
CAST-IN PLATE, 

Casting a cast-in plate In a shipboard foundry 
will require that the Patternmaker and the 
Molder work together in deciding the proper 
parting line of the gate of patterns. The thickness 
of the pattern plate will be determined by the 
size of the job. 

Core boxes of intricate design that are to be 
used over and over again are often made of 
metal. The parting surface of the core box will 
withstand harder use if the box is made of metal. 
Certain types of core boxes would require a 
master pattern to be made and a casting made 
from it. The casting is finished by machining 
or hand scraping. When the core box is of a 
simple design, it may be made from solid stock 
by milling, drilling, or a turning process, or 
by a combination of these processes. 

Aluminum is used in core boxes when the 
shape is such that it would be difficult to machine 
and must be hand scraped to size. 
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Bras8 and bronze are used in core boxes 
when there are small narrow pockets and thin 
walls and M*iere the sides of these partitions 
must be very smooth so that the core can be 
removed without breaking. 



GYPSUM CEMENT 

During World War 11, there was a great 
demand for quick tooling methods requiring 
speed, accuracy, and extensive contouring of 
patterns. As a result, the use of gypsum cement 
molds increased in use. Presently, wood and 
metal are still the most commonly used pattern 
materials aboard repair ships and tenders. Inas-* 
much as modern foundry requirements and 
procedures have stimulated research for new 
pattern materials, gypsum cements can be 
applied to many common Job shop practices 
used by the Navy Patternmaker. 

The skilled Patternmaker should have a 
knowledge of some of the techniques of working 
with plaster and some of the specialized appli** 
cations of gypsum cement topattemmaking. Some 
of the advantages of using gypsum cement 
patterns are that gypsum cement: 

1. Saves time in patternmaking because cer-- 
tain patterns may be more easily and quickly 
made of plaster than of wood. 

2. Retains the accuracy and stability of di«* 
mensions under varying temperature and humidity 
conditions. 

9. Is adaptable to complex contours and in- 
tersections, to irregular and intricate shapes, 
to multiple patterns mounted on match plates, 
and to producing sectional dies from full-scale 
mockups. 

4. Requires a comparatively small investment 
in tools aiK) shop equipment. The inventory 
problem is simplified because a pattern of 
almost any size can be made from gypsum 
cement. The cement comes in powder form and 
is stored in bags. 

5. Has the advantage of dependable uniformity, 
provided the mixing is done in strict accordance 
with the manufacturer's instructions. 

6. May be used to help check the accuracy 
of inaccessible parts of wood patterns and core 
boxes. For example, to check the metal thickness 
of a particular pattern, pour gypsum cement into 
each half of the core box. Place the two halves 



together face to face, in the process known as 
♦•booking'^ or ••sq^ee2ing out.** Finally, check 
or compare the dimensions of the plaster core 
against those on the layout board. 

The use of plaster in patternmaking does 
have LIMITATIONS such as: 

1. It is a messy process. You may overcome 
this disadvantage by developing neat work habits, 
by using clean utensils and equipment, and by 
following the manufacturer's instructions for 
mixing. 

2. It produces a fragile pattern. You may 
partially overcome this disadvantage by using 
any one or a combination of the following 
materials for reinforcement; hemp, sisal, manila 
rope, wire mesh burlap, muslin, wood (as 
exterior reinforcements only), and metal inserts. 

3. It is not applicable to all types of patterns. 
However, your e>q)erience on the Job will help 
you to decide vfhen to use plaster In pattern- 
making. 

4. It requires absolute accuracy in making the 
templates and in attaching them to the screeding 
sledU 

PLASTER PATTERNS 

The most commonly known form of gypsum 
cement used in pattern construction is plaster 
of paris. This is only one of many forms of 
gypsum; in recent years a great variety of 
plaster types have been formulated vAtldh have 
special properties that meet the varying re- 
quirements of patternmaking. 

Plaster is made from a finely ground, cal- 
cined material mineral (gypsum rock) processed 
to oUain a uniform product in powdered form. 
The calcination (dehydratioi^ am) additional 
processes are carefully controlled to produce 
a gypsum cement having predetermined ranges 
of stret^, hardness, period of plasticity, and 
expansion. Super strength plasters are referred 
to as alpha gypsum cements or better known to 
the patternmaker as hard plasters. 

CHARACTERISTICS 
OF PLASTER 

In working with plaster you should be familiar 
with these three characteristics (L) COMPRESS- 
IVE STRENGTH, (2) PERIOD OF PLASTICITY, 
and (8) VOLUME AND TEMPERATURE 
CHANGES. Compressive strength is the term 
used to define the amount of pressure per 
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square inch i^squired to break down the hardened 
plaster. The period of plasticity is the period 
of time between the thickening and setting stages 
of the plaster-water mixture. Volume and tem- 
perature changes take place in the hardening 
and setting stages and have a definite effect 
on the strength of the pattern. In general, these 
characteristics are somewhat controlled by the 
addition of extra water to the powdered gypsum. 

Compressive Strength 

High compressive strength of a plaster pattern 
gives breakage resistance. The increase of water 
in the plaster-water ratio results in a decrease 
m compressive strength of the finished pattern. 
As varying degrees of the normal consistency 
{amount of water required to mix 100 parts of 
the plaster by weight to a standard fluidity) of 
the slurry are required in forming patterns 
from plaster, it is essential that you follow 
the manufacturer's recommendations for the 
plaster-water ratio. 

Chemically, 18 pounds of fresh water will 
convert 100 pounds of dry plaster to a solid 
mass. But, more water is necessary to produce 
a free-flowing slurry, so that excess water is 
always present in a freshly set mass of plaster. 

Period Of Plasticity 

To form a fluid, pourable, free-flowing 
mass known as a "slurry", Ihe water and dry 
ingredients should be mixed in the correct 
proportions. This slurry first thickens, then 
hardens, and finally sets. It is during these 
stages that the plastic mass can be formed by 
hand, screened with templates, and/or reinforced 
with fiber hemp, sisal, wire me^, burlap, or 
muslin. 

With esqperience you will learn to distinguish 
between the different stages which occur during 
the period of plasticity and to utilize each stage 
to the best advantage. For example, using the 
mixture in the controlled flow stage eliminates 
the need for molds or "boxing-in" which will 
be necessary when the mixture is used in the 
free-flowing stage. In addition, different areas 
of the pattern will require different degrees of 
plasticity, because as the plastic period 
progresses, the cement gains strength or body, 
and can be built wp to the contours required. 
The period of plasticity ranges from 15 to 80 
minutes, depending upon the type of gypsum 
cement used. 



Volume and Temperature 
Changes 

As the free-flowing slurry changes to a solid 
mass, certain volume and temperature changes 
occur. These changes begin at the initial setting 
and consist of setting expansion and thermal 
expansion. 

The settii^ expansion, which is very sli^t 
but positive and permanent, enables the cement 
to free itself from the surfaces on which it 
sets. This expansion, characteristic of all gypsum 
cements, makes gypsum cement best for re- 
producing fine detail. The pattern or model 
should be removed at the setting expansion stage 
because the plaster will be at its high point of 
expansion, which makes withdrawal easier. 

In addition to the normal setting expansion, 
there is a slight temporary expansion caused 
by the heat generated by crystallization. This 
temporary expansion, called the thermal ex- 
pansion, recedes with the loss of heat. 



SHOP EQUIPMENT 

In making gypsum cement patterns and models, 
it is necessary to have the proper equipment. 
Shop equipment for working gypsum is compara- 
tively inexpensive. The size and type of work 
being done will determine the equipment needed. 
Special handtools are essentail to produce a 
good job. A large percentage of these tools can 
be manufactured in the shop. 

A list of basic shop equipment and supplies 
needed for plaster work includes: 

Flat scrapers— one smooth edge, one saw- 
toothed edge. 

Kidney scrapers— one smooth edge, one saw- 
toothed edge. Figure 6-11 shows scrapers of 
various shapes and sizes that may be used. 

Spatulas — various sizes. 

Handsaws— large tooth and wide-set. 

Hand planes— size to be determined by job. 

Carving tools— as needed. 

Files — for forming metal templates. 

Workbenches — The entire work surface 
should be flat and made of plate glass, marble, 
slate, or treated hardwood. The size of the 
job being made governs the hei^t of the bench. 
The main body of the work should be in as 
convenient a position as possible. Iron benches 
can be used, but the rust resulting from moisture 
must be removed constantly. Granite surface 
plates are highly recommended as table tops. 
The plates, available in many sizes Carge and 
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Figure 6-11. — Tools used in shaping gypsum cement. 



small) » provides an extremely accurate working 
surface which is usually within 0.0001-inch. All 
benches should have straight edges so that more 
accurate work can be performed. 

Water— for mixing of cement and washing 
hands frequently. Hot and cold water should be 
available for temperature control. 

Mixing equipment— power or hand operated, 
depending on the amount of plaster work produced. 

Mixing bowlfi— semispherical in shape, made 
of spun or stamped stainless steel, copper, or 
brass, or made of rubber. They should be fl^ible 
enough to be sprung to remove any set cement. 
Rubber mixing bowls are most useful for this 
purpose. 

Sealers— Celiac and lacq^ers for sealing the 
pores of plaster surfaces. 

Scales — for weighing water and dry in- 
gredients in ooLtrolled mixing. 

Reinforcing Materials 

Various materials are used to add strength 
and reinforce gypsum cement. The type <rf 



material to be used is governed the natuzN) 
of the work* Metal products used are pipe, 
solid rod, hardware cloth, expanded metal, and 
wire mesh. Fiber products also used are burlap, 
muslin, tree moss, long fiber, hemp, and sisal. 

Reinforcing materials are added during the 
period of plasticity and become a part <rf the 
plaster body. 

Wood should never be embedded in the plaster 
for reinforcement. The moisture of the plaster 
will cause swelling of the wood and result in 
distortion or cracking of the plaster form. 

Parting Compounds 

To allow for releasing the plaster from the 
pattern and for movement of the plastic (free- 
flowlnsd mass, a separating or parting agent 
must be used. A properly selected sealer- 
parting agent combination prevents moisture 
from the fluid mass penetrating into the pores 
of the pattern or mold, and allows free move- 
ment of the set plaster as it expands during 
ttie setting and thermal e3q)ansion* 
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A satisfactory parting agent meets the fol- 
lowing requirements: 

1, It prevents adhesion of the plaster to the 

pattern or mold. 

2, It protects and lubricates the surfaces ol 

the pattern. 

3, It spreads evenly to provide a uniform 

film. ^ ^ 

4, It must not react to the surface of the 

pattern or the plaster. 

The most commonly used separating or 
parting agents used in plaster work are: 

1. STEARINE (one part stearic acid to four 
parts of kerosene). The stearic acid should be 
melted and the kerosene added while stirring 
constantly; stir until a uniform mixture is ob- 
tained. NOTE: When adding kerosene to stearic 
acid be sure to take proper precautions for 
any fire hazard. Stearlne Is the most commonly 
used parting agent and is the only parting agent 
used with glue-based molds. 

2. Petroleum Jelly (Vaseline) may be used 
if two parts of kerosene are blended with one 
part of Jelly. The blending should be done very 
carefully. The release Is applied as a thin coat, 
and should be brushed out well, 

3. Spirits of Camphor diluted in alcohol may 
be used for fine detail reproduction. The evapo- 
ration of the alcohol leaves a uniform deposit 
of camphor on the surface of the mold. 

Parting qualities of any of the parting com- 
pounds can be Improved by adding 1/2 cup of 
powdered mica to each quart of release. 

MIXING AND POURING 
OF PLASTER 

You must follow the manufacturer's Instruc- 
tions In preparing the mixture because the 
ratio of water to cement used affects the density, 
hardness, stren^, and resistance to abrasion 
of the set gypsum cement. Wel^ the cement and 
measure or wel|^ the water carefully to make 
certain that you are using the proper proportions 
of each constituent. (Remember that one pint of 
water wel^s aR)roxlmately one pound.) Tepid 
water at about 70°- 76* F Is most satisfactory. 
Cold water (below 50* F) results in hard casts 
iii4)ich may crack or prove difficult to carve. 
Warm water (160*- 180* F) accelerates the setting 
time but may result In soft casts which are 



likely to crumble. It is important to use clean 
mixing utensils and equipment because the 
presence of old, set cement and foreign materials 
will accelerate the »»settlng" of the new mix and 
will change Its entire period of plasticity. 

The gypsum cement should be sifted 6r sprink- 
led evenly over the surface of the water. Avoid 
dropping handfuls of the cement into the water 
at one time as this will result In the formation 
of lumps. Allow the plaster to soak undisturbed 
from 2 to 6 minutes depending upon the qMsntlty 
being mixed, so that It may absorb the water 
thoroughly. Stir the mixture gently below the 
surface to reduce drawing air and trapping 
bubbles In the mixture. Continue stirring until 
the mixture Is free from lumps and of the proper 
consistency, A proper consistency has a smooth 
texture and the appearance of heavy cream, when 
using a mechanical mixer, time the soalting 
and mixing operations very carefully becaiise 
excessive stirring accelerates the setting of 

the cement. 

Once the mixture is made, water or dry 
Ingredients must not be added. Adding water will 
cause the mixture to become chalky and will 
result In reduced strength; adding dry Ingredients 
win cause lumping and will change the period of 
plasticity. Excessive mixing and overworking 
should be avoided as it accelerates the set of 
gypsum cement. 

To make a female mold from a master 
pattern, manufacture a frame large enou{^ to 
accommodate the pattern. Secure the pattern 
upc 1 flat surface to prevent the pattern from 
float* j or shifting during the setting of the 
plaster. Run a small fillet between the pattern 
and Uie molding board to prevent plaster from 
running under the pattern. 

Place the frame around the pattern and 
secure to the molding surface. Seal the joint 
between the frame and the molding surface to 
prevent any plaster run-out. 

Coat the Inside of the frame, the molding 
surfaces of the bottom board, and the pattern 
surfaces with a parting agent, brush out well to 
prevent the plaster from sticking to the pattern. 
Pour the plaster carefully, from one side of the 
mold only, in order to avoid air pockets. Vibrat- 
ing or Jarring the mold helps to release any 
trapped air. To avoid seams In the cast, additional 
pourings should be made before the preceding 
mixture begins to set, CAUTION: If gypsum 
cement Is allowed to set undisturbed, it will 
form a glazed surface. This glazed surface must 
be roughed with a wire brush before additional 
cement is applied to ensure a good bond. 
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The mold is allowed to stand until the plaster 
begins to set. CAUTION: Difficulty may arise 
in drawing the pattern from the mold if removal 
is delayed until after the high point of the setting 
expansion has been reached, because thermal 
e>qpansion will set in. To prevent this difficulty, 
remove the pattern from the mold as soon as 
the plaster is hard enough, and before it has 
had time to develop heat. A good practice for 
checking the right time for removal of the 
pattern is to touch the plaster. When no plaster 
film sticks to the finger, it is time to take the 
mold apart and remove the pattern. After removal 
of the pattern, the mold is left undisturbed for 
the complete setting and cooling. Molds are 
usually constructed so that they can be dis- 
assembled quickly when it is time to remove the 
cast. After drying, the plaster mold is sanded 
lightly and finished with several coats of thin 
shellac. 

The reproduction of the master pattern is 
accomplished by (1) pouring plaster into the 
female mold, <2) striking off the excess at the 
parting line, (3) allowing the plaster to set, and 
(4) removing the mold from the pattern using 
air or a bridge arrangement. 

STORAGE OF GYPSUM 
CEMENT PATTERNS 

Although gypsum cement patterns are dimen- 
sionally stable under hig^ or low humidity con- 
ditions, they should not be subjected to freezing 
temperature as long as free water is present. 

Patterns which are not properly supfiorted In 
storage may become distorted. If models or 
patterns are mounted upon materials such as 
plywood which are affected by moisture, the 
patterns are subject to the movement of the base. 

Flat slabs or patterns should be stored by 
standing them on end. If patterns must be stored 
lying flat, the surface upon which they rest must 
be flat. If the surface is not flat, wedges or blocks 
must be used at intervals to provide sufficient 
support. The shape and wei^t of the pattern 
determines the type of support necessary to 
prevent distortion* 

Any sheltered, unheated or heated space which 
protects the pattern from weather is satisfactory 
for permanent storage, provided the patterns are 
placed so they cannot directly absorb water. 
Temperatures in the storage room should not 
exceed 125* F. 



PLASTER APPLICATIONS 

There are four principal methods of making 
gjrpsum cement patterns: run work, turned work, 
box or rod turning, and built-up work. Each 
method is suitable for a particular type of 
pattern. The Patternmaker must determine which 
method is most suitable. 

Run Work 

The run work method is useful for screeding 
straight molding, square, rectangular, or oblique 
shapes. The strai^t molding Job used here as an 
example of run work is shown in figure 6-12. 
Note that figure 6-12 shows a double-faced mold. 
A first run will be required to serve as a 
follow board or support for the pattern. You will 
need two templates: one to give you the contour 
of the face, and the other to give you the contour 
of the back of the pattern. The template is a 
piece of metal wOiich is cut to the shape indicated 
on the blueprint and layout. It is then used as 
a tool to screed or form the gypswm cement to 
the desired shape or contour. The thickness or 
gage of the metal used in the template depends 
upon the hardness of the cement to be used. 
For the hardest types of cement, 16 gage is 
usable; for the softest, 27 gage, half-hard brass 
is satisfactory. Figure 6-13 shows the template 
for the back of the pattern mounted in place on 
the screeding sled. The function of the sled is to 
support, guide, and steady the template as it is 
pushed through the plastic mass. 

Grease the top of the workbench so that the 
sled will slide smoothly without chattering. The 
workbench should be flat, have straight edges, 
and be made of marble, slate, polished plate 
glass, or treated hardwood. Mix the gypsum 
cement and allow it to "cream" slightly before 
placing it on the bench in front of the template. 
Anchor the mix to the bench by allowing some 
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Figtire 6-12.— A straight molding pattern. 
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of the cement to lap over the end of the bench 
or by pressing modeling clay against the cement 
at a number of points. Push the sled and template 
firmly throu^ the mass of the cement, in one 
direction only, as shown in figure 6-14. CAUTION: 
Do not build up too great a mass for the template 
to remove at any one time. It is better to build 
up gradually by applying additional mixes of 
cemfc... « small quantities after each screeding. 
After you have pushed the sled and template 
throu^ once, lift the sled, clean the template, and 
scrape off the waste cement. Add more cement 
to fill in the voids. Return the sled to the starting 
position on the bench and repeat the screeding. 
Repeat this procedure as often as necessary 
until the resulting pattern for the follow board 
18 perfectly smooth. Shellac the follow board 




23,136X 

Figure 6-18,— The screeding sled setup for run 

work. 




23,137X 

Figure 6-14. — Screeding the mix. 



and apply a parting compound over the shellac. 
Change the template and continue the screeding 
as shown in figure 6-15. Use as many mixes as 
the size of the Job requires. 

The completed pattern can be cut to length, 
carved, mitred, or further fabricated in any 
desired manner. One word of caution: Gypsum 
cement should never be carved unless it is moist. 
If it is dry, it will chip ahead of the carving tool 
making it impossible to produce a sm.x)th cut. 
The completed pattern and follow board when 
shellacked and baked dry are ready for use. 
(See fig. 6-16.) 




28.138X 

Figure 6-15.— Spreading a new mix on the follow 

board. 
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Figure 6-16.— The completed pattern and follow 

board. 
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Circular Turning 

Circular turning ie a method of producing 
circular shapes such as wheels and disks, by 
rotating the template around a center post. In 
order to produce a perfectly symmetrical pattern, 
you must use great care and accuracy Inscribing 
the centerllne on the template and In centering 
the pivot plate. To produce the pattern from the 
drawing shown In figure 6-17» four templates are 
required, one for each part of the pattern. 

Place a center post in a hole in the work- 
bench. The po&t should have a running thread 
with a double nut for height adjustment. The 
pivot point at the top must be absolutely rigid 
ami should be set higher than the top of the pattern 
to be made, so that the template will clear the 




23.141X 

Figure 6-18.— Equipment required for circular 

turning. 



pattern as it is rotated around the pivot point. 
Cover the threads with oil or grease to avoid 
getting cement into them. Refer to figure 6-18 
which shows the equipment required. It is possible 
to work to accuracies of 0.005 inch provided 
the equipment and templates have been accurately 
made. 

Follow the same procedure in mixing and 
handling the gypsum cement for circular turning 
as was described for run work. Figures 6-19 
through 6-24 illustrate steps In the turning of 
circular shapes. (See fig. 6-17.) 




23.142X 

Figure 6-19. — Rotating the sled with firm and 
even pressure in the screeding of part 1 of 
the pattern. 




23.149X 

Figure 6-20.— Applying the parting compound and 
changing the template. 
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23.144X 

Figure 6-21, — ^reading additional cement for 
the scxeeding of part 2 of the pattern. (The 
thin gap between the top of part 1 and the 
template indicates that part 2 is a thin disk.) 




23.145X 

Figure 6-22.— Adding additional cement for the 
screeding of part 3, the spacer ring. 



Box or Rod Ttumlng 

This is a method of producing cyliwirical or 
similar shapes by forming the cement on a rod 
which is rotated horizontally on Journals in a 
box. These shapes require more experience in the 
handling of plaster or gypsum cement than the 
other methods. As you rotate the rod» the excess 
cement is screeded by means of a stationary 
template attached to the box. Note that in this 
method you rotate the work rather than the 
template. You must align the centerline of the 
turning rod perfectly with the centerline on the 
template. This is a difficult part of the Job 
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Figure 6-23.— Changing the template and spread- 
ing additional cement for the screeding of part 4, 




2S.147X 

Figure 6-24. — Separating the parts of the com- 
pleted pattern* (Fill In the holes In the center 
with cement and carve away the excess.) 



because the true center on the template must be 
cut away to allow for the radius of Uie turning 
rod. Fasten the template board to furring strips 
on the inside of the box so that the template will 
be at the centerline height of the pattern. (See 

fig. 6-25.) ^ 
The turning rod is wrapped with twine to 
provide a bond between the rod and the cement. 
Fasten a metal bar crosswise on the rod to 
provide additional support for the cement at the 
greatest diameter of the pattern. 
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Mix a small batch of cement at below normal 
consistency and spread it along the rod forming 
a body to which subsequent mixes may be applied. 
Do not apply too much cemt-nt at one time 
because its own weight will cause it to sag away 
from the rod and break the bond between the 
cement and the rod. If this happens, you will 
not be able to rotate the pattern and you will 
have to start over again. Figure 6-26 shows the 
build-up of the main body of the pattern. Note 
that none of this first mix touches the template. 

Apply additional mixes at normal consistency 
and screed the pattern by rotating the work 
slowly. This fills in the voids and gives the 
final finish to the pattern. (See fig. 6-27.) 




23.148X 

Figure 6-25. — Preparing the equipment for box 
or rod turning. 




23. USX 

Figure 6-26. — Preparing a firm foundation for 
subsequent mixes. 



Remove the finished pattern from the box 
by lifting it out with the rod as shown in figure 
6-28. Remove the rod by twisting and pulling. 
The pattern now is ready for final shellacking. 

Built-Up Work 

This method is useful in maHing patterns in 
which irregular shapes or combinations of shapes 
are required. The sections of the composite 
pattern may be glued together with burnt shellac. 
Building-up is also useful in making patterns 
which require the aid of lofting templates. The 




23.150X 

Figure 6-27.— Applying an additional mix to fill 
in the voids and to give final finish to the pattern. 




23.161X 

Figure 6-28. — The finished pattern is removed 
from the box by lifting it out with the rod. 
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lofting templates are set up in their specified 
positions and are held in place with the aid of 
jigs. The gaps or spaces between the templates 
can be spanned bv using fiber reinforced gypsum 
cement slabs. See figures 6-29 through 6-84 
which illustrate some of the basic steps in 
built-up work. 

Spread fiber strands of uncarded long hemp 
over the bench and apply a layer of gypsum 
cement, pressing it firmly into the fiber as 
shown in figure 6-29. Saw the reinforced slab 
into sections of appropriate size for the job. 
(See fig. 6-30.) Bend and tack the slabs into place 
with gypsum cement to soan the gap and to fit 
between the templates. Dip fiber bats into the 



cement mix and spread them evenly over the 
slabs to reinforce the pattern, (see fig. 6-31.) 
Build up the body to within 1/4 inch of the 
finished template line and spread a finish layer 
of cement over the surface with a spr^tula. (See 
fig. 6-32.) Avoid any wavy surfaces by scraping 
in various directions with the saw-toothed edge 
of a scraper as shown in figure 6-33. Finish 
the pattern by planing, carving, sandpapering, 
and shellacking. (See fig. 6-34.) If additional 
support is needed, wire mesh, expanded metal, 
and metal rods cari be used. When using wire, 
wrap it with dipped hemp to furnish a mechanical 
bond between the wire and the gypsum cement. 
If wood-bar reinforcements are used as supports 
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23.1 52X Figure 6-31. — Reinforcing the slabs wiUi fiber 
Figure 6-29.-Preparing a fiber reinforced gyp- bats dipped into cement, 

sum cement slalf. 
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Figure 6-33. — Using a scraper to smooth the 
ftnish layer of cement. 




28.157X 

Figure 6-34.— The final finish is produced by 
planing, carving, sandpapering, and shellacking. 

for the finished pattern, tie them onto the work 
with hemp fiber, after the setting e}q)ansion has 
taken place, to avoid warpage. Kiln dried wood 
is recommended, and should never tie imbedded 
in the cement because moisture will swell the 
wood and distort the pattern. All wood reinforce- 
ments should be ^'ven at least thre^ coats of 
lacquer before being tied to the pattern. Spraying 
with m^iten metal ha& also been found to be 
successful in overcoming the fragility of piastc 
patterns. 

Metal reinforcing rods, pipes or tubing may be 
bolted or welded together to form a structural 
support. Steel pipes and tubing that have been 
bent and welded should be m>rmaltzed to relieve 



strains or stress that may occur during fabri- 
cation, Wien metal reinforcements are used, 
they are tied to the pattern with fiber hemp 
bats impregnated with gypsum cement or plaster. 

EX¥/»NSION CEMENTS FOR 
SHRINKAGE COMPENSATION 

The use of high expansion cements for tiie 
fabrication of expanded patterns has been 
recognized as one of the outstanding tooUng 
developments for gypsum plasters in recent 
years. 

Medium hig^ ejqoansion cement is a material 
compounded to give a uniform expansion of a 
pattern in all directions, equal to the shrinkage 
of zinc alloys and aluminum. While It is possible 
to achieve e9q)an8ion values from 1/16 to 1/4 inch 
per fot.v by the quantity of water used In the mix, 
the amount of expansion can be controlled 1^ 
the proper water to plaster ratio. Medium high 
e}q>ansion cements are some^diat stronger and 
harder than regular hi^ expansion cements and 
are colored yellow for identification. 

High expansion cement is compounded to give 
the hi^est setting eiqtansion of any gypsum 
cement. Hie expansion characteristics are util- 
ized to expand the pattern uniformly over and 
beyond the limits that may be obtained with 
medium high e>q>an£>fon cements. 

Under the proper conditions, double fihrlnkage 
may be compensated for in one single eiq)an8ion. 
The esqtansion values of hi(^ expansion cements 
are controlled in the same manner as are those 
of the medium hig|i es^anslon cements. However, 
the ranges are from i/8 to 6/l6 inch per foot. 

Expansion cements can be used to provide 
for shrinkage allowance yiihen the dimensions 
of the original pattern need to be increased 
uniformly, or where the same pattern is to be 
used for different metals. A cement such as this 
has many uses, especially in metal pattemmaking. 
For exMnple, wood matchboards can be converted 
to cast pressure pUtes where extra shrinkage 
allowance is needed. Conventional fdimdry 
patterns can be converted to metal equipment 
for shell molding. Core driers can be produced 
directly from a p*«8ter cast of the core, A 
number of other uses of eiqpansion gypsums will 
^oome apparent after one becomes famiUar 
with the characteristics of these cements. 

Pattern Conversion 

When converting a pattern f rem one shrinkage 
allowance to another, expansic cements can be 
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useful. For example, a globe valve pattern with 
a bronze shrinkage allowance can Xx^ easily 
and economically changed to a steel shrinkage 

Prepare the surface of the pattern for easy 
removal from the plaster, making sure that no 
indentations on the pattern surface will create 
back-draft. The pattern must be sealed with 
several coats of a very thin lacquer. After the 
lacquer has inoroughly dried, a thin film of stearic 
aold-kerosene mixture should be applied and 
brushed out. All excess parting agents must 
be removed to ensure a hard face, free from 
s^aratlon runs. 

Because the amount of ejqpanslon Is controlled 
by the water-gypsum ratio, the water and dry 
Ingredients must be accurately weighed to obtain 
the desired degree of expansion* 

The accompanying chart may be used for 
calculating the proper water-gypsum ratio and 
the maximum expansion for hlg^h and medium hl^ 
expansion cements. Maximum results of 
expansion for either cement can be obtained 
when clean fresh water, at a temperature of 
70* to 75* F, is used. 

Gypsum Water Maximum Expansion 
(lbs) (lbs) (Inches per foot) 



Medium High Expansion Gypsum Cement 



100 48-50 0.062 

100 45-47 0.127 

100 43-44 0.171 

100 41-42 0.203 



H101 Expansion Gypsum Cement 



100 50-52 0.125 

100 47-49 0.187 

100 44-46 0.260 



The expansion values listed can be Incre&sed 
10-15 percent by using clean fresh water at 120* 
to 130* F. 

After the cement and water have been weighed 
the cement should be mixed In the same manner 
as ordinary plaster of parls. During the mixing 
you win note that the mixture will be on the 
heavy side and will not flow freely. This Is a 



characteristic of all expansion cements; when 
expansion cements are poured they must be 
forced or tamped Into place over the pattern 
or mold surface. 

The Initial set will occur shortly afv^r the 
mixture loses Its water gloss. Careful attention 
should be given to the progress of the setting 
action to determine when the cast has set. As 
soon as practicable, remove the plaster cast 
from the pattern so that unhindered ejqpanslon 
may take place. 

Place the cast on a well lubricated flat sur- 
face to permit free movement of the plaster mass 
as It grows or expands. The flat surface on which 
the cast Is plac^*d should be at room t ^mperature 
so that chilling of the cast will not retard the 
calculated expansion of the cast. 

The cast Is allowed to expand undisturbed for 
2 or 3 hours. During the growth or expansion 
period, the cast will shed water, froth, and have 
a sour smell. This is a natural reaction of all 
expansion cements. 

Medium hl^ expansion cements have been 
found to be dlmenslonally stable for 3 or 4 days 
after the desired expansion has been achieved. 
Since hl^ expansion cements expand for several 
hours (maximum expansion after 10 or 12 hours). 
It Is necessary to check the growth during the 
period. If the cast reaches the desired size 
before the maximum expansion has been achieved, 
a cast of low expansion cement can be made 
from the expanded mold to produce a pattern 
with the exact dimensions required. 

Core Driers 

Core driers are required to support cores 
during baking. The procedure used to produce 
a core drier pattern using expansion cements Is 
to cast a core of high expansion cement. The 
core is cast from the core box, removed, and 
allowed to ejqpand. A mixture of low expansion 
plaster Is poured over the expanded core and 
allowed to set. The cast Is removed and the 
drier pattern Is cut away on the back side to 
a uniform thickness to reduce weight. All surfaces 
are sealed and lacquered as required for 
reproduction of metal core driers In the foundry. 



PLASTICS 

Plastics cover a wide field, but In pattern- 
making, the thermosetting phenolic resin plastics 
have become most popular. These resins change 
from a liquid to a solid state when heated. 
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This chemical action (polymer! zation) hardens 
the plastic into an insoluble mass* The principal 
advantages of these resins are that (1) they 
are cast without pressure, and (2) patterns 
made from them have stability and unusual 
natural finish characteristics. Plastic patterns 
also are easily cleaned and easily removed from 
a sand mold* When a large production job calls 
for more than one pattern^ plastic patterns are 
often less costly than wood or metal patterns* 
Figure 6-35 illustrates a plastic pattern mounted 
on a matchboard for machine molding* 

Resins available for pattern work usually 
contain the ingredients needed for polymeri- 
zation* Phenol and formaldehyde, or phenol and 
aldehyde, are the principal elements in the 
commercial blends* When these elements are 
mixed with a **catalyst'' or "accelerator,*' a 
chemical action is set up and polymerization 
results* This accelerator is generally a soda- 
and-acid solution* The resins, in liquid form, 
must be kept in closed containers at a temperature 
lower than SO*" F* But, before being mixed for 
pouring, they must be brought to room tempera- 
ture (70^ F to 75* F), 

Each manufacturer of resin supplies the 
accelerator, together with adequate instructions 
for mixing the ingredients. The mixture is 
stirred until all ingredients are thoroughly 
blended, A uniform oolov is the best indicator 
of a complete mix. 

The mixture is stirred slowly to minimize 
the formation of air bubbles. If bubbles are 
trapped below the surface of the mixture, allow 
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Figure 6-35. — Plastic pattern mounted on a 
matchboard* 



it to stand undisturbed from 15 to SO minutes* 
The surface of the mixture should then be 
skimmed several times prior to pouring* 

The mold is generally made from plaster, 
wood, plastic, or acid-resisting metals* If a 
non-acid proof metal is used* the mold should 
be coated with shellac, lacquer, or Tygon paint* 
The mold surfaces that will contact the liquid 
resins must be finished, smoothedt and coated 
with a protective parting agent* Bayberry wax 
and beeswax (both diluted with gasoline) are 
suitable parting agents* The mold is heated 
before the resins are poured into it. 

The resins are poured slowly so that air 
pockets do not form. The resins are then allowed 
to set at room temperature. This setting is the 
first part of the curing cycle. Light castings are 
allowed to set for about 4 hours; heavier castings 
for a longer period. After the resins become 
opaque and gelatinous, they are baked until 
hard and solid* 

Baking is the second part of the curing 
cycle. Electric or gas ovens with controllable 
heat adjustments are required. The baking 
temperature is important and must be watched 
closely. Most castii^ are baked at 140*^ F 
for 4 hours. Some of the heavier castings re- 
quire as much as 8 to 10 hours for baking. 



GLOSSARY OF TERMS 

The following definitions are of terms used 
in chapter 7. 

CHEEK — The section or sections of a flask 
lying between the drag and cope. 

COURSES— Alternate layers or thicknesses of 
material in a pattern, each individual layer 
being a course. 

CUTTING SHELLAC — Dissolving shdllac In 
alcohol. 

DRAW PLATE — Metal plate set Into a pattern 
to facilitate its drawing. 

DRAW SCREW— A rod which can be screwed 
into a pattern to act as a handle for drawing 
the pattern from the mold. 

DRAW SPIKE — A pointed rod of Iron or steel 
driven into a wooden pattern to act as a handle 
for withdrawing the pattern from the sand In the 
mold. 
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FAN CONSTRUCTION — Form of stepped-up 
work with the grain of the wood radiating from 
a common center. 

FLASK— Frame consisting of two or mdre' 
sections made of wood or metal and used to 
enclose the B&ttd in which a mold is formed* 

FLASK PINS — Pins and corresponding sockets 
on the joint of the sections of a flask to permit 
their separation and registering. 

FOLLOW BOARD— Board having its surface 
formed so as to support a pattern and to create 
its parting line in the mold, 

LAGGING— The fastening of narrow lags or 
strips about headers or batten foundations that 
are so shaped as to follow a line parallel to 
the finished contour of the pattern* 

LAMINATED CONSTRUCTION— Building up in 
a series of courses a pattern structure of strips 
or segments with the alternating end joints 
occurring midway between those of the preceding 
course. 

LOOSE PIECE— Part of a pattern so attached 
that it remains in the mold and is drawn into 
and then from a large mold cavity after the 
body of the pattern is drawn. 



LUG— An earlike projection that is frequenUy 
split as the clamping lug on the tailstock of a 
lathe. 

MOLDING BOARD — Board reinforced with 
cleats having a true surface upon which a pattern 
is laid for the ramming of the drag. 

ONE PIECE PATTERN — Solid pattern but not 
necessarily made from one piece of stock. 

RAPPING— Jarring a pattern to loosen it from 
the sand preparatory to drawing it out of the 
sand. 

SKELTON PATTERN— A framework represent- 
ing the interior and exterior form and Oie metal 
thickness of the required casting. 

SOLID PATTERN — A one piece pattern (not 
parted), 

SPLINE — A thin strip inserted into a groove to 
stren^en the work or to reinforce a joint, 

SPOT FAQNG— Truing, by machining, a cir- 
cular bearing surface about a hold in a casting. 
It does not affect a pattern. 

SPOT GLUING — Securing two pieces of material 
together, temporarily, with a spot of glue. 

STEPPED-UP— So callai because the material, 
when it is fastened together, resembles steps. 
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CHAPTER 7 

PATTERN CONSTRUCTION TECHNIQUES 



In pattern construction, it is normally nec- 
essary to build up the pattern from several 
layers of wood. In doing this, you must use tht 
correct gluing, reinforcing, and aligning tech- 
niques to secure strong pattern joints. After 
the pattern is completed »»in the rough," it must 
be sanded smaoth as a preparatory measure 
prior to finishing the pattern. Fillets are added 
to the pattern and are used to eliminate sharp 
corners on the pattern which tend to cause 
structural weakness In the resulting mold and 
casting. 

Pattern letters, figures, and insignia are 
placed on patterns to aid in identifying the 
pattern parts. In addition, the pattern is finished 
with various colors of a pattern covering called 
a color code. The pattern covering protects 
the surface of the pattern from the moisture 
of the moMlng sand. The color coded parts of 
the pattern aid the Patternmaker and Molder In 
assembling the completed pattern and mold. 
Rapping and lifting plates are used by the Molder 
In withdrawing the pattern from the sand mold. 

This chapter discusses a few of the im- 
portant techinques that are applicable in general 
to all patternmaking work. Specific procedures 
for making various kinds of patterns are dis- 
cussed in later chapters of this tralnir^ manual. 



WOOD JOINERY 

One of the most Important skills that must be 
mastered by the Patternmaker is the art of 
WOOD JOINERY. Wood joinery. In patternmaking, 
could be described as the art of combining two 
or more pieces of material into one for the 
purpose of increasing dimensions, strength, or 
for the indexli^ of one piece to another such 
as the seat for a loose piece of a pattern. 

Wood joinery includes the manufacture of 
wood joints and the various devices used to 
fasten them together such as glue, nails, etc. 



A pattern Is only as strong as its weakest 
point which can be the joints if they are made 
incorrectly or the wrong type of joint Is used 
for a particular application. On the other hand, 
the pattern joint will be the stronge'ft point of 
the pattern if the Joint Is made properly, the 
correct Joint used, and a suitable glue Is applied 
properly. 

Usually, only the simple wood joints are 
used in patternmaking. These include the BUTT 
and LAP joints. However, there are times when 
a particular job will require the use of a more 
complex joint. You will also be called upon to 
make wooden flasks for the foundry, cabinets, 
picture frames, shipping boxes, etc. Therefore, 
you, as a Patternmaker, must have a broad 
knowledge of wood joinery. 

STANDARD JOINTS 

There are four simple standard methods of 
Joining wood stock edge to edge. These are the 
PLAIN BUTT, DOWEL, TONGUE AND GROVE, 
and SPLINED EDGE joints shown in figure 7-1. 

The plain butt Joint is the simplest method 
and the one most often used by the Patternmaker. 

The dowel joint Is usually a plain butt Joint 
that has been given greater strength (reinforced) 
by the use of wooden dowels. Dowels can also 
be used to reinforce other Joints such as the 
miter and half lap. 

A rule to remember ^en choosing a dowel 
for edge to edge application Is; the dowel diameter 
should be equal to l/S of the thickness of the 
edges to be Joined. Thus, 8/4 Inch thick stock 
would **equlre a 1/4 inch dowel. 

The tongue and grove joint is a stronger 
Joint than the butt or dowel and Is most often 
used in wood flooring. 

The splined edge Joint is a variation of the 
tongue and groove a»l is easier to make as 
two matching grooves and a separate spline are 
used in the place of the tongue. There is very 
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PLAIN BUTT 





90' PLAIN BUTT 




DOWELED 



TONGUE a GROOVE SPLINE 



Figure 7-1. — Edge joints. 



68.37 



Uttle strength gained if the grain direction of 
the spline is parallel to the edges as shown 
in figure 7-1. However, a great deal of strength 
is gained vihen the grain direction of the spline 
is perpendicular to the edges. 

As a general rule, the thickness of both the 
spline and tongue should be l/3 of the material 
thickness. The width of the spline should be 
equal to twice the material thickness while the 
tongue width should be the same as the thickness. 



Thus, 3/4 inch stock would require a spline 
measuring 1/4 inch thick and 1 l/2 inch wide 
or a tongue measuring 1/4 inch thick by 3/4 
inch wide. 

Lap Joints 

Lap Joints are shown in figure 7-2. The 
PLAIN LAP Joint is used extensively in all 
kinds of construction, particularly that which 
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Figure 7-2. — Lap Joints. 



does not require a good appearance. The END 
BUTT HALF-LAP is not as strong as the 
plain lap joint, txit has a better appearance 
and requires less space. The CORNER HALF- 
LAP is used for tramlng of buildings, boxes, 
and cabinets, and in many other types of 
construction. The CROSS LAP Joint can be used 
in patternmaking to Join the spokes of a wheel 
pattern. 

The SCARF JOINT is a special type of lap 
Joint that is used for Joining heavy timbers, 
(See figure 7-3.) For repair purposes, a slope 
of 1 in 12 is recommended, that is, the cut 
should slant through the length of a piece a 
distance of 12 inches for every inch of depth 
or width. 

The end butt Joint with FISHPLATES (fig* 7-4) 
is useful for Joining short members to make 
long pieces. It has the disadvantage of being 
bulky. The fishplates can be secured with nails, 
screws, rivets, or bolts. 

Dado, Gain, and Rabbet Joints 

The PLAIN DADO JOINT (fig. 7-5) is often 
used in making cabinets and shelves. It is usually 
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Figure 7-3. — Typical scarf Joints. 
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Figure 7-4. — End butt Joint with fiehplates. 




oAoo JOINT am joint 
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Figure 7-6. — Dfeudo and gain Joints. 



.jut with a dado head (cutters) which fits the 
mandrel of a circular power saw, but you can 
also make this cut by hand with a backsaw or 
tenon saw> and finish it with chisels. This Joint 
may be glued, nailed, or fasterad with screws. 

The GAIN JOINT (fig« 7-5) la a special kind 
of dado which is used ^en appearance is an 
important factor. Dadoes and gains are both 
cut across the grain of the wood. 

RABBET JOINTS are often used in conjunction 
with dadoes. They may be cut either across 
the grain or with the grain ^fig. 7-6). Rabbets 
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can be made with the circular saw dado he^.d 
I or blade or» to a more limited extent, with the 
Jointer^ They can also be cut by hand with 
special rabbeting planes. 

Dovetail Joints 

Cabinetmakers iin<i other skilled wood crafts- 
men make frequent use of the dovetail joint In 
their work* (See figure 7-7») It Is most often 
used In jolnirig the corners of furniture drawers 
and chests since its locking features mal;e It an 
excellent joint for this type of construction* 
Such joints are usually made with blind dove- 
tails, so that they are not visible from the 
outside of the furniture* 




103.10 

Figure 7-6. — Rabbet joints. 




THROUGH SlNGL,£ DOVETAIL THROUGH HALF-LAP 

DOVETAIL Single dovetail 
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Figure 7-7* — Dovetail joints* 
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Single dovetails and half dovetails are used 
for heavier construction where locking Joints 
are requiied. The single dovetail (DOVETAIL 
KEY) is also an excellent joint to use when 
attaching a loose piece to the body of a pattern. 

Dovetails must be laid out ^ with accuracy. 
Use a sharp knife edge for marking, rather 
than a pencil, and a T-bevel to lay out the 
angles. You can saw out with a tenon saw and 
finish the work with chisels. 

Box Corner and 
Miter Joints 

Many commercial packing boxes and chests 
are made with the box corner joint. (See fig. 
7-8.) This joint can be used to advantage In 
making filing cabinets and boxes. It can easily 
be cut on the circular saw with special dado 
beads. 

The miter joint (fig. 7-9), usually two 45" 
ai^le cuts, is used for picture frames, box3s, 
screen doors, panel frames, and other frames. 
Miter joints are fastened with nails, brads, 
corrugated fasteners, clamp nails, and are 
usually glued. 

The SDline miter is an improvement over 
the plain miter and can be cut quickly with the 
circular saw and dado head. Other miters re- 
quire more work and are usually used only on 
special jobs , 

Coping Joints 

When matching inside comer joints between 
molding trim members, this Joint shapes the 
end of the abutting member to fit the face of the 
other member. Figure 7-10 shows a coping 
joint. 
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Figure 7-8. — Box comer joint. 
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Figure 7-9. — Miter joints. 



and accurately fitted* The slip tenon Joint can 
be used the same way as a miter or corner 
half**lap joint. It should be glued together and 
can be further secured with dowels^ screws* 
bolts* or nails. 

LAYING OUT AND 
CUTTING JOINTS 

The basic skill in woodworking is the art 
of joining pieces of wood to form tig^it, strong, 
well-made joints. The two pieces \**iich are to 
be joired together are called MEMBERS, and 
the two major steps in joining are (1) the layout 
of the joints on the ends, edges, or faces of 
the men^^rs, and {?) the cutting of the members 
to the required shapes for joining. 

Cutting joints accurately requires that the 
stock used be square and true« This is usually 
done with machines, using a surface planer to 
obtain uniform thickness, a jointer for truing 
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Figure 7-10. — A coping joint. 



Mortise id Tenon Joints 

Good furniture usually is made with a num- 
ber of mortise and tenon joints. (See fig. 7-11.) 
This joint is assembled with glue and is much 
stronger than it appears to be. It can be wedged, 
split, or offset. You canH go wrong with mortise 
and tenon joints if they are properly designed 
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SLIP TENON JOINT 




Figure 7-11. — Mortise-and-tenon and slip-tenon Joints, 
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the edges, Lnd a table or overarm saw for 
squaring the ends and cutting to the desired 
length. In a great many cases however, you will 
be required to perform such operations by hand. 
Therefore, planing and squaring a small board 
to dimensions is what you migfht call the first 
lesson in woodworking. Like a good many other 
things it looks easy until you try it. The six 
major steps in the process are illustrated and 
described In figure 7-12; practice them until 
you can get a smooth, square board with a 
minimum of planing. 

The chief instruments for laying out Joints 
are: the try, miter, or combination square; the 
T-bevel; the marking or mortising gage; and a 
scratch awl, sharp pencil, or knife for scoring 
lines. For cutting Joints by hand, the backsa ", 
dovetail saw, coping saw, and various chisels 
and planes are essential. 

All the Joints which have b«en mentioned in 
this chapter can be cut either by hand or by 
machine. Whatever the method used, and what- 
ever the type of Joint, always remember the 



following important rule: To ensure a tight 
Joint, always cut on the WASTE SIDE of the 
line, never on the line itself. Prellminaiy 
grooving ON THE WASTE SIDE of the line 
with a knife or chisel will help a hacksaw to 
get a smooth start, 

Half-Lap Joints 

For half-lap Joints the members to be Joined 
are usually of the same thickness, and the 
following discussion is based on the assumption 
that this is the case. The method of laying out 
and cutting an end-butt half-lap or a corner 
half-lap is as follows: For the end butt half-lap, 
measure off the desired amount of lap from the 
end of each member and square a line all the 
way around at this point. For the comer half-lap, 
measure off the width of a member from the 
end of each member and square a line all the 
way around. These lines are called SHOULDER 
lines. 
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t. WORK FACE 

PUKE OME B/^OAO SURFACE SMOOTH AND STRAIGHT. TEST IT 
CROSSW:SF, LEN3THWISE, AND FROM CORNER TO CORNER MARK 
THE WORK FACE K. 




Z, WORK EDGE 

PUNE ONE EDGE SMOOTH, STRAIGHT AND SQUARE TO THE WORK 
FACE TEST IT FROM THE WORK FACE MARK THE WORK EDGE X. 




3. WORK END 

PLANE ONE END SMOOTH AND SQUARE TEST IT FROM THE WORK 
^ACE AND WORK EDGE MARK THE WORK END X 



4. SECOND END 




MEASURE LENGTH AND SCRIBE AROUND THE STOCK A LINE 
SQUARE TO THE WORK EDGE AND WORK FACE SA'« OFF EXCESS 
STOCK NEAR THE LINE AND PLANE SMOOTH TO THE SCRIBED 
LtNE. TEST THE SECOND END FROM BOTH THE WORK FACE AND 
THE WORK EDGE 




5. SECOND EDGE 

FROM THE WORK EDGE GAUGE A LINE FOR WIDTH ON B01H 
FACES PLANF SMOOTH, STRAIGHT, SQUARE AND TO THE 
GAUGE LINE TEST THE SECOND EDGE FROM THE WORK FACE 





6. SECOND FACE 

FROM THE WORK FACE GAuGE A LINE FOR THICKNESS AROUND 
THE STOCK PLANE THE STOCK TO THE GAUGE UNE TEST 
THE SECOND FACE AS THE WORK FACE IS TESTED 



Figure 7-12» — Planing and squaring to dimensions* 
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Next* select the best wide surface of each 
member and place it upward* Call this surface 
the FACE of the membert call the opposite 
surface the BACK* Mark the face of each member 
plainly* Next set the marking gage to one^half 
the thickness and score a line (called the CHEEK 
LINE) on the e^s and end of each member^ 
from the shoulder line on one edge to the 
shoulder line on the opposite edge* Be sure and 
gage the cheek line from the face of each member* 
The reason for this is that» if you gage from 
both faces» the faces will come flush after the 
Joint is oxxU regardless of whether or not the 
gage was set to exactly one-half the thickness* 
Too much waste cut from one member will be 



offaet by less cut from the other* On the other 
hand» if you gage from the face of one member 
and the back of the other» and the gage hai^ens 
to be set to more or less than one-half the 
thickness, the faces will be out of flush by 
the amount of the error* A rule of first 
importance for half-lap Joints, then is: Always 
gage the cheek line from the face of the member* 

Next make the SHOULDER CUTS by sawing 
along the shoulder lino down to the wasto side 
of the cheek line, sawing from the BACK of the 
loping member and from the FACE of the 
lapped member* Clamp a piece of wood along 
the starting groove to steady the saw* 
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The CHEEK CUTS (sometimes called tha 
SIDE CUTS) are made next, along the WASTE 
SIDE of the cheek line. Clamp the member In 
the vise so that it leans diagonally AWAY from 
you. With the member in this position you can 
see the end and the upper edge, and when the 
saw reaches the shoulder line on the upper edge, 
it will still be some distance away from the 
shoulder line on the edge you can't see. Reverse 
the member in the vise, and saw exactly to the 
shoulder line on that edge. 

Completing the shoulder cut will detach the 
waste. When both shoulder cuts have been made, 
the members should fit together with faces, ends, 
and edges flush, or near enough to it to be 
brought flush by a little parity with the chisel. 

A cross half-lap Joint between members of 
equal cross-section dimensions Is laid out and 
cut as follows; If the members are of the same 
length and they are to lap each other at the 
mid-point, place them face-to-face with ends 
flush, and square a center line all the way 
around. To test the accuracy of the center 
calculation, turn one of the members end-for-end. 
If the center lines still meet, the center location 
is correct. 

Put the best wide surfaces up and mark each 
face plainly. Lay cTf one-half the width of a 
member on either side of the center lines and 
square shoulder lines all the way around. Again 
check for accuracy by turning a member end- 
for-end. If the shoulder lines meet, the layout 
is accurate. Next, gage one-half the thickness 
of a member FROM THF FACE OF EACH 
MEMBER and score check lines on the edges, 
between the shoulder lines. Next make the 
shoulder cuts^ sawing from the BACK of the 
lapping member and from the FACE of the lapped 
member. 

In this type of Joint the waste must be 
chiseled out rather than sawed out. To make 
the work of chiseling easier, remove as much 
stock as possible with the saw first, by sawing 
a series of kerfs between the shoulder cuts. 
In chiseling, make a roughing cut first, down 
to Just above the cheek line, with a firmer 
chisel and mallet, holding the chisel bevel down. 
Then finish off the bottom with a paring chisel, 
holding the chisel bevel up. For fine work, 
smooth the bottom with a router !>lane if you 
have one. 

End half-lap Joints may be cut with the 
circular saw by the method described later for 
cutting tenons. Equipped with the dado head, 
the circular saw can be used to cut both end 
half-lap -recesses and cross half-lap recesses. 



For an end half-lap recess, proceed as fol- 
lows: set the dado head to protrude above the 
table a distance equal to one-half the thickness 
of a member, and adjust the fence so that 
when the end of the member bears against It 
the dado head will cut on the waste side of the 
shoulder line. Place the member against the 
universal gage, set at 90" to the fence, and make 
the shoulder cut. Then take out the remaining 
waste by making as many recuts as necessary, 
each made with the member moved a little less 
than the thickness of the dado head to the left. 

For a cross half-lap recess, proceed as 
follows: set the dado head so that its height 
above the table is equal to one-half the thickness 

a member, and adjust the ripping fence so 
that when the end of the member is placed 
against It the dado head will cut on the waste 
side of the left-hand shoulder line. Make the 
shoulder cut. Then reverse the piece end for 
end and repeat the same procedure to make the 
opposite shoulder cut. Take out the remaining 
waste between the shoulder cuts by making 
as many recuts as necessary, each made with 
the member moved a little less than the thick- 
ness of the dado head to the left. 



Grooved Joints 

A GROOVE Is a three-sided recess running 
with the grain. A similar recess running across 
the grain is called a DADO. A groove or dado 
"w^iich does not extend all the way across the 
piece is called a STOPPED GROOVE or a 
STOPPED DADO. A stopped dado is also known 
as a GAIN (fig. 7-5). 

A two-sided recess running along, an edge 
is called a RABBET (fig. 7-6). Dados, gains, 
and rabbets are not, strictly speal.ing, grooves, 
but Joints which Include them are generally 
called GROOVED JOINTS. 

Grooves on edges and grooves or faces of 
comparatively narrow stock can be cut l^hand 
with the plow plane. The matching plane will 
cut a groove on the edge of one piece and a 
tongue to match it on the edge of another. A 
dado can be cut hy hand with t»ie hacksaw and 
chisel, by the same method used to cut a cross 
half-lap Joint by hand. Rabbets on short ends 
or edges can be sawed out by hsind with the 
hacksaw. 

A long rabbet can be cut by hand with the 
rabbet-and-fllllster plane as follows: First be 
sure that the side of the plane Iron is exactly 
In line with the machined side of the plane; 
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then set the vldth and depth gages to the desired 
width and depth of the rabbet. BE SURE TO 
MEASURE THE DEPTH FROM THE EDGE 
Of '^^HE PLANE IRON\ KOT FROM THE 
SOL E OF THE PLANE, If you measure from 
the soie of the plane, the rabbet will be too 
deep by the amount that the edge of the iron 
extends below the sole of the plane. Clamp 
the piece in the vise, hold the plane exactly 
perpendicular^ press the width gage against the 
face of the board, and plane down with even, 
careful strokes until the depth gage prevents 
any further planing. 

A groove or dado can be cut on the circular 
saw as follows: lay out the groove or dado on 
the end wood (for a groove) or edge wood (for 
a dado) which will first contact the saw. Set 
the saw to the desired depth of the groove above 
the table, and set the fence at a distance from 
the saw which will cause the first cut to r n on 
the waste side of the line that indicates the left 
side of the groove. Start the saw and bring the 
piece into light contact with it; then stop the 
saw and examine the layout to assure that the 
cut will be on the waste side of the line. Re- 
adjust the fence if necessary. When the position 
of the fence is right, make the cut. Then reverse 
the piece and proceed to bf» ' and test as before 
for the cut on the opposite side of the groove. 
Then make as many recuts as are necessary to 
remove the waste stock between the side kerfs. 

The procedure for grooving or dadoing with 
the dado head is about the same, except that in 
many cases the dado It ead can be built up so 
as to take out all the waste in a single cut The 
two outside cutters alone will cut a groove l/4 
in. wide. Inside cutters vary in thiclmess from 
1/16 to 1/4 in. 

A stopped groove or stopped dado can be cut 
on the circular saw, using either a saw blade 
or a dado head, as follows; If the groove or 
dado is stopped at only one end» clamp a STOP 
BLOCK to the rear of the table in a position that 
will stop the piece from l)eing fed any further 
when the saw has reached the place where the 
groove or dado is supposed to stop. If the groove 
or dado is shopped at both ends, cla^r.? a stop 
block to the rear of the table and a STARTING 
JLOCK to the front. The starting block should 
be placed so that the saw wiL contact the place 
where the groove is supposed to start wh^ i the 
infeed end of the piece is against the blocK. 
Start the cut by holding the piece above the sa\v, 
with tlie infeed end against the starting block 



and the edge against the fence. Then lower the 
piece gradually onto the saw> and feed it through 
to tiie stop block. 

A rabbt;t can be cut on the circular saw as 
follows: The cut into the face of the pie;5e is 
called the SHOULDER ctit and the cut into the 
edge or end the CHEEK cut. To make the 
shoulder cut (which should be made first), set 
the saw to extend above the table a distance 
equal to the desired depth of the shoulder^ and 
set the fence a distance away from the saw 
equal to the desired depth of the cheek. Be sure 
to measure this distance from a saw tooth SET 
TO THE LEFT, or AWAY FROM the ripping 
fence. If you measure it from a tooth set to the 
right, or toward the fence, the cheek will be too 
deep by an amount equal to the width of the saw 
kerf. 

Make the shou?. er cut first. Tlien place the 
face of the piece which was down for the shoulder 
cut against the fence and make the cheek cut. 
If the depth of the shoulder and the depth of the 
cheek are the same, the cheek cut will be made 
with the saw at the same height as for the 
shoulder cut. If the depth of the cheek Is different^ 
the height of the saw will have to be changed 
to conform before the cheek cut is made. 

By using the dado head, ypu can cut most 
ordinary rabbets in a single cut. First, build 
up a dado head equal in thickness to the desired 
width of the cheek. Next, set the head to protrude 
above the table a distance equal to the desired 
depth of the shoulder. Clamp a l-*in. board to 
the fence to serve as a guide for the piece, and 
set the fence so that the edge of the board barely 
contacts the right side of the dado head. Set 
the piece ^Inst the universal gage (set at 90^ 
of course), hold the edge or end to be rabbeted 
against the 1-in. board, and make the out. 

On Jointers, a RABBETING STRIP on the 
outboard edge of the outfeed table can be de*- 
pressed for rabbeting. The strip Is outboard 
of the end of the cutterhead. To rabbet on a 
Jointer, you depress the infeed table and the 
rabbeting strip the depth of the rabbet below 
the outfeed table, and set the fence the width 
of the rabbet away from the outboard end of the 
cutterhead. When the piece Is fed through, the 
unrabbeted part feeds onto the rabbeting strip. 

Various combikuitions of the grooved Joints 
are used in woodworking. The well--known 
TONGUE-AND-GROOVE Joint Is actuaT^y a 
combination of the groove and the rabbet, the 
tongued member simply being a member which 
is rabbeted on both faces. In some type of 
panel work, the tongue is made by rabbeting only 
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one face; a tongue of this kind is called a 
BARE«*FACED tongue* The DADO and RABBET 
JOINT Shown in figure 7-13 is another Joint 
which is often used in making ooxes, drawers, 
and cabinets. 

The HOUSED LOCK JOINT shown in figure 
7-14 is a type of dado and rrbbet joint. Note, 
however^ that the rabbeted piece is reversed 
and that the dadoed piece extends beyond the 
rabbeted piece. This Joint is used extensively 
in the pattern shop for manufacturing special 
wooden foundry flasks. The dadoed piece is 
extended to form handles for the flask. 
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Figure 7-13»~Dado and rabbet Joint. 
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Figure 7-14.— Housed lock joint. 



Dovetail Joints 

The DOVETAIL JOINT (fig. 7-7) is the 
strongest of all the woodworking joints. It 
requires a good bit of labor, however, and Is 
therefore used only for the finer grades of 
furniture and cabinet work, where it is used 
principally for joining sides and ends of drawers. 

In the dovetail joint, one or more PINS on 
the PIN MEMBER Ht tightly into the openings 
between two or more TAILS (or, in the case 
of a single dovetail joint, between two HALF- 
TAILS) on the TAIL MEMBER. A joint con- 
taining only a single pin is called a SINGLE 
DOVETAIL JOINT; p joint contalMng two or 
more pins is called a MULTIPLE DOVETAIL 
JOINT. A joint in which the pins pass all the 
way through the tail member is a THROUGH 
dovetail joint. A joint in which they pass only 
part way through is a BLL>fD dovetail joint. 

About the simplest of the dovetail joints is 
the HALF-LAP DOVETAIL joint shown in figure 
7-15. This joint is first laid out and cut like 
an ordinary end half-lap. after which the end 
of the lapping member is laid out for shaping 
into a dovetail as follows: Set the T-bevel to 
10*, which is tSx^. correct angle between the 
vertical axis and the sides of a dovetail pin or 
tail. You can set the bever with a protractor 
or with the protractor head on the combination 
square. If you don*t have either of these, use 
the method shown in figure 7-16. Select a board 
with a straight edge, square a line across it, 
and lay off an interval of appropriate length, 
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Figure 7-15. -Dovetail half-lap joint. 
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103a6 

gure 7-16. — Laying off 10* angle for dovetail 
joint. 



6 times on the line as shown. Fr^om the sixth 
mark lay off the same Interval perpendicularly 
to the right. A line drawn irom this point to 
the starting point of the first line drawn will 
form a 10** angle with that line. 

Lay off this angle from the end corners of 
the lapping mem'jer to the shoulder line, as 
shown in figure 7-17. and saw -^ut the waste 
as indicated. The lapping member now has a 
dovetail on it. Place this dovetail over the 
other member, in the position it is supposed 
to occupy, and score the outline of the recess. 
Then saw and chisel out the recess, remembering 
to saw on the WASTE side of the lines. 

For a through multiple dovetail joint, the 
end of the tail member is laid out for cutting 
as shown in figure 7-1 8. A joint in \/hlch the 
pins and tails are the same size is the strong- 
est type of dovetail, but for ease in cutting, the 
pins are usually made somewhat smaller than 
the tails, as shown. Determine the appropriate 
numb€;r of pins and the size you want to make 
each pin. Lay off a half-pin from each edge of 
the member, and then locate the center lines 
of the other pins at equal Intervals across the 
end of the piece. Lay off the outlines of the pins 
at lO*" to the center lines, as Indicated* Then 
measure back from the end of the member a 
distance equal to the thickness of the tall 
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Figure 7-17. — Making a half dovetail joint* 




Figure 
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7-18*— Laying out pin member for 
through-multlple-dovetail joint. 



member, and square a line all the way around* 
This line Indicates the bottoms of the openings 
between the pins. 

Cut out the pins by sawii^ on the waste sides 
of the lines and then chiseling out the waste* 
Chisel half-v/ay through from one side, as sho^^n 
In figure 7-19; then turn the member over a».d 
chisel through from the other side. 
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Figure 7-19. — Chiseling out waste in a through- 
multiple-dovetuil joint. 

WTien you have finished cutting out the pins, 
lay the tail member flat and set the ends of the 
pins in exactly the position they are to occupy. 
Score the outlines of the pins, which will, of 
course, also be the outlines of the tails. Square 
lines across the end of the tail member, and 
saw and chisel out the waste between the tails 
just as you did tae waste between the pins. 



Box Corner Joint 

With the exception of the obvious difference 
in the layout, the BOX CORNER JOINT (fig. 
7-8) is made in just about the same manner 
as the through multiple dovetail joint. 



Miter Joints 

A MITER JOINT (fig. 7-9) is made by 
MITERING (cutting at an angle) the ends or 
edges of the members which are to be joined 
together. The angle of the miter cut is one-half 
of the angle which will be formed by the joined 
members. In rectangular mirror frames, door 
casings, boxes, and the like, adjacent members 
form a 90* angle, and the correct angle for 
mitering is consequently one-half of 90^, or 45*. 
For members which will form an equal-sided 
figure with other than 4 sides (such as an octagon 
or a pentagon), the correct mitering angle can 
be found by dividing* the number of sides the 
figure will have Into 180 and subtracting the 
result from 90. For an octagon (8-eided figure), 
the mitering angle Is 90 minus 180/8, or 67-1/2*. 
For a pentagon (5-sided figure), the angle Is 
90 minus l«0/5. or 54*. 



Mem'^ers can be end-mltered to 45* in the 
wooden miter box and to any angle in the steel 
miter box (by setting the saw to the desired angle) 
or on the circular saw (by setting the universal 
gage to the desired angle). AIem')ers can be 
edge-mite red to any angle on the circular saw, 
by tilting the saw to the required angle. 

Since abutting surfaces of end-mltered mem- 
l>ers do not hold well when they are merely 
glued, they must usually be reinforced. A satis- 
factory type of fastener for a joint between 
end-mitered members is the SLIP FEATHER, 
a thin piece of wood or veneer which Is glued 
Into a kerf cut in the thickness dimension of 
the joint. Saw about half-way through from the 
outer to the Inner corner, apply glue to both 
sides of the slip feather, and push the slip 
feather into the kerf. Clamp tight with a hand- 
sel ew and allow the glue to dry. After it has 
dried, remove the handscrew and chisel off the 
protruding portion of the slip feather. 

A joint between edge-mltered members may 
be reinforced with a SPLINE, a thin piece of 
wood which extends across the joint Into grooves 
cut m the abutting surfaces. (A spline for a plain 
butt edge joint Is shown In figure 7-1.) The 
groove for a spline can be cut by hand, by laying 
out the outline of the groove, removing the 
major part of the waste by boring a series of 
holes with a bit of Suitable size, and sm<x>thlng 
with a mortising chisel. The best way to cut a 
groove, however. Is on the circular saw, as 
described earlier, in this chapter. 

Coping Joints 

Inside corner joints between molding trim 
members are usually made by butting the end 
of one member against the face of the other. 
Figure 7-20 shows the method of shaping the 
end of the abutting member to fit the face of 
the other members. First saw off the end of 
the abutting member square, as you would for 
an ordinary butt joint between ordinary flat- 
faced members Then, miter the end to 45* as 
shown In the first and second views of figure 
7-20. Then, set the coping saw at the top of 
the line of the miter cut, hold the saw at 90* 
to the lengthwise axis of the piece, and saw off 
the segment shown In the third view, following 
closely the face line left by the 45* miter cut. 
The end of the atxitting members will then match 
the face of the other member as shown in the 
fourth view. 
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Figure 7-20. — Making a coping joint* 



Mortise-and-Tenon Joints 

The MOHTISL-AND-TENON joint is the most 
Important and most frequently used of the joints 
used In furniture and cabinet work* In the BLIND 
mortise- and- tenon joint (fig. 7-11) the tenon 
does not penetrate all the way through the 
mortised mem*)er* A joint in which the tenon 
does penetrate all the way through is a THROUGH 
mortise-and-tenon joint. Besides the ordinary 
STTH joint (fig. 7-21 and view A. tig. 7^21), 
there are HAl-NCHKD joints (view B» fig, 7-21) 
and TABLE-HAl NCHED joints (view C.fig* 7-21). 



H:uincbing and table- huunchtng increase the 
strength and rigidity of the joint. 

The layout procedure for an ordinary stub 
moilise-and-tenon joint is us follows: MAKK 
TIIK KACKS OV THE MKMIU-:US PLAINLY. 
Lay otf from the end of the tenon member the 
desired length of the tenon, and square the 
SHOULDER LINE all the way around. Then Itiy 
off the total width of the tenon mem'^r on the 
mortise member as shown in figure 7-22. 

Determine the thickness of the tenon, which 
is usually between one- third and one-half of 
the thickness of the mortise mem^ier, and set 
the points on the mortising gage to this dimension. 
Adjust the block so that the points will score 
a double line on the center of the tenon member, 
as shown in figiire 7-22. If the faces of the 
members are to be flush, use the same gage 
setting to score a double line on the mortise 
mem':fer, remembering to gage from the FACE 
of the member. If the face of the tenon member 
is to l)e set back fmm the face of the mortise 
member (as is often the case with table rails 
and the like), the mortising gage setting must 
be increased by the amount of the set-- back. 
Remt?ml>er. however, that the setting of the 
POINTS remains the same. Last, lay off from 
the end of the mortise member and from the 
appropriate edge of the tenon member the 
amount of end-stock which is to be left above 
the mortise, as indicated also in figure 7-22, 
and square lines as shown. For a SLIP TENON 
joint like the one shown in figure 7-11, you 
wouldn't need this last phase of the layout. 

Tenons can be cut by hand with the backsaw, 
by the same method previously described for 
cutting corner and enJ half-lap joints. Mortises 
can be cut by hand with the mortising chisel. 
As in the case of a spline ^{nx)ve cut by hand, 
you can remove the major part of the waste 
by boring a series of holes with a tv*/ist drill 
of diameter slightly smaller than the width of 
the mortise. For a blind mortise-and-tenon 
joint use a depth gage or a wooden block to 
prevent the drill from boring below the correct 
depth of the mortise. 

Tenons can be cut with the circular saw as 
follows: To m^ike the shoulder cuts (which are 
made first), set the saw the depth of the shoulder 
above the table and set the ripping fence the 
length of the tenon away from the saw. Remem- 
ber to measure from a saw-tooth SET TO THE 
LEFT. Make the shoulder cuts as shown in 
figure 7-23. 
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Figure 7-21. — A-stub, B-haunched, and C-taMe-haunched mortise- and-tenon joints. 





103.21 

Figure 7- 22,— Layout of a stub mortise and tenon 

joint. 
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Figure 7-23.— Cutting a sq uare shouldered tenon* 



Set the saw the depth of the cheek above the 
table, set the fence the width of the shoulder 
away from the saw, and make the cheek cuts 
as shown in figure 7-24. To steady the stock 
against the fence, use a FEATHER BOARD 
like the one shown clamped to the table. The 
angled end of the feather board has a series of 
long kerfs sawed in it, so that the board can 
bear pretty hard against the stock ^d still 
allow it to be fed through without binding. To 
maintain t: e stock upright, use a PUSH BOARD 
like the one shown in figure 7-24. 

Tenons can also be cut with the dado head 
by the same method previously described for 



cutting end half-lap joints. Mortises are cut 
mechanically on a HOLLOW-CHISEL MORTIS- 
ING MACHINE. 

The cutting mechanism on this machine 
consists of a boring bit encased in a square, 
hollow steel chisel. As the mechanism is pressed 
into the wood, the bit takes out most of the 
waste while the chisel pares the sides of the 
mortise square. Chisels come in various sizes, 
with corresponding sizes of bits to match* 

Mortlse-and-tenon Joints are fastened with 
glue, and with additional fasteners as required* 
One or more wood or metal dowels may be 
driven through the joint* 
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Figure 7-24. — I'sing feather board and push 
ix>ard to steady stock when cutting tenon cheek. 

103.25 

Figure 7-25. — Panel constrAcuon. 

JOINT APPLICATIONS 



Plywood panels are often installed in frames 
to make parts of doors » partitions, bulkheads, 
tables, desks, cabinets, lockers, drawers, bul- 
letin boards, and blackboards. The panels can 
be installed by a number of methods. Four of 
the commonly used methods are shown in figure 
7-25. Notice in figure 7-25, views 1 and 2, 
how a groove and a rabbet are used to set 
the panel into the rails and stiles. The rails 
and stiles may be jointed by using dowels, 
miter joints, half-lap joints, or mortise and 
tenon joints. Fir plywood of 1/4** thickness is 
used m^re than any other material for panel 
construction. 

One standard method of making a table i*? 
Illustrated here (figs. 7-26, 7-27, 7-28, 7-29, 
and 7-30). Desks are made in mich the same 
manner but with the addition of panels and more 
drawers. 

Mortise and tenon joints are used to join 
the table rails to the legs and to secure the 
stretcher to the lower end rails. An alternate 
method of securing the legs to the rails is by 
means of corner plates and lag screws. With 
the latter method the legs can be ti^tened 
easily when they become loose and they can be 
removed easily for storage or moving. 




RAIL 



5 



TOP OR PLAN VIEW 



RAIL 



FRONT OR PROFILE VIEW 
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Figure 7-26. — Mortise- tenon layout and design. 
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Fieure 7-27. — Corner butt joint for table legs. 
^ 103,30 

Figure 7-30. — Standard table construction* 
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Figure 7-28* — Simple drawer construction. 




CLEAT CLAWP METAl WETAL COUNTER SCREW 
BLOCK CLAMP BRACKET BORED iNSlDE 

SCREW RAIL 
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Figure 7-29,— Securing rails to table tops. 



DRAWERS for tattles and desks can be made 
b> the method shown in figure 7-28. It is easier 
to make drawers by this method than it is 
to make them with dovetail joints. However, 
the dovetail joints are better and can be used 
on special jobs made of fine cabinet woods. 
Blind dovetails should be used for the front 
corners of drawers made for such furniture. 

TAhLE TOPS are usually fastened to the 
upper rails by one of six standard methods shown 
in figure 7-29. You will probably use the cleat 
more than any of the others. The cleat is 
screwed to the rail first so that it is about 
l/l6 inch below flush. Then the screws going 
into the top will pull the top down tight and 
snug. 

FASTENING MATERIALS 

There are many materials used for fastening 
wood together. These incluae NAILS, SCREWS, 
BOLTS, SPECIAL FASTENERS, and GLUE. 

Glue 

Although the carpenter very seldom uses it, 
glue is the most often used fastening material 
used by the Patternmaker, furniture maker, and 
cabinet maker. 

Glue is the oldest ^ strongest, most durable 
and neatest of ail other means of fastening wood 
together. Furniture, built hundreds of years 
ago by craftsmen of ancient Rome and Egypt, 
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was assembled with glue and still exists today 
in many of our m iseutn^* In most oases, the 
glued joints of these pieces of furniture were 
put together witli such a high degree of skill 
and craftsmanship that it takes close scrutiny 
and a practiced eye to discover them. 

These ancients possessed the same high 
degree of skill and craftsmanship in wood joinerj^ 
that you must attain as a Patternmaker, for 
the quality and strength of a pattern depend upon 
the quality of its glue joints. 

TYPES OK GLTE. — Certain glues may be 
preferal)le foi specific species of woods, since 
there i.^ no all-purpose glue that meets all 
requirements. The various glues set, harden, 
or care in different ways such as: 

U Evaporation of the solvent in the glue, 
such as in animal or soyl)ean glues, 

2. Polymerisation or condensation under 
heat and pressure as in thermosetting resin 
glues, 

3. Cooling as in thermoplastic glues. 

4. Coagulation as in blood albumin glues. 

In selecting any glue for a particular pur- 
pose, ther*^ are several points that should be 
considered: (1) the length of time it will re- 
nnm in a usable condition, (2) the rate of setting 
of the glue joint, (3) the water resistance of 
the set glue, (4) the staining properties of the 
glue, and (5) the dulling effect it has on handtools. 
Any one or a com'^ination of these points may be 
the deciding factor in the selection of a glue. 
Basically, there are two methods of using glue: 
hot and cold. Glues may be classified according 
to their composition, such as (1) animal, (2) fish: 
(3) vegetable starch, (4) vegetable protein, (5) 
casein, (6) blood albumin, (?) urea resin, (8) 
phenolic resin, and (9) vinyl resin. 

The best grade of ANIMAL GLUE is the 
HIDE glue which is made from hide clippings, 
sinews, horns, and other waste parts of beef 
cattle. The next ixiSt grade is BOXE glue. This 
is made from the bone^ of beef cattle. The 
better grades of animal glue are usually amber 
in color and quite transparent. Animal glue is 
produced in large, thin sheets which are usually 
broken into chips or ground to powder before 
being shipped. The chips are used in large shops 
where a great quantity of glue is used each day. 
The powder is used when small quantities are 
needed in a hurry. The chips or powder must 
be soaked in water and cooked before use. 
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This class of glue sets and hardens by 
evaporation and must be used while it is hot, 

FISH GLUE is made from the bones, sinews, 
and heads of fish and is kept to a proper 
consistency by the addition of acetic acid. It is 
used where the work of assembling parts is 
slow and time is not a factor in turning out the 
job. This type of glue, however, is seldom used 
in the Navj- because it is not as strong nor as 
reliable as hot glue. Fish glue is usually made 
in liquid form; it is applied cold and has a 
disagreeable odor. Fish glue sets and hardens 
by evaporation. 

CASELN AND VEGETABLE glues are cold 
glues. Both are poV'Xlers which are mixed with 
cold water to form a creamy mixture. This 
mixture is allowed to set for a short time to 
allow the water to become thoroughly absorbed 
by the glue. It is then ready for use. Both 
casein glue and the vegetable glues set and 
harden by evaporation. 

\'egetable glue is of two types: PROTEIN, 
made from soybeans, and STARCH, made from 
the root of the cassava (tapioca) plant. It is 
used in some veneering work. It is NOT satis- 
factory for wood joints. 

Casein glue is made fi milk and sold 
in powdered form. Compar with vegetable 
and animal glues, casein is generally 

considered to be water-resi5 v. 

BLOOD ALBITVIIN glue i uperior to casein 
glue in water resistance, bt it requires very 
expensive equipment for its application. It is 
seldom used, because it requires hot pressing 
and has a relatively low dry strength. The 
powdered type is dissolved in water, usually 
with some toxic ingredients to inhibit mold or 
fungus growth. The liquid type requires an 
addition of caustic soda to convert it for use. 
Blood albumin glue sets and hardens by 
coagulation. 

UREA RESIN glue is a synthetic compound 
which may be obtained either in powder form 
or as a solution. Compared with casein glue 
it is little if any better in durability or water 
resistance. It is a hot or cold working glue; 
is soluble in water, may be catalyzed at room 
temperature (70** F) or hot pressed at 250"* 
Urea resin glues set and harden by the con- 
densation of the resin, 

PHENOLIC RESIN glue is marketed in various 
forms, as a dry film, a dry powder, or a solution. 
In general, it is highly durable under the most 
extreme exposure conditions. It is resistant 
to attack by micro-organisms, withstands 
continuous soaking in fresh or salt water, and 
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is, as a rule, as durable as wood itself. It is 
a cold working glue but requires a curing 
temperiture of 150^ K to 325° F. The phenolic 
resin glue sets and hardens by condensation and 
is waterproof, Wlien used as a bonding adhesive 
in exterior or marine plywood it is considered 
more durable than wood itself, 

VINYL KESIN glue is a synthetic, termo- 
plastic, white liquid which requires no mixing 
or heating prior to use. This glue is ready for 
immediate use and can be applied al room 
temperatures above 50'' K, The initial setting 
of the glue requires less than 30 minutes and 
for ordinar>' work a strong bond will occur in 
less thar 1 hour. In addition, this glue is com- 
pounded to provide a minim im amount of wear 
to cutting tools as well as to have a glue line 
that is practically colorless. For general pat- 
tern ( onstruction/ vinyl resin glue has replaced 
aJl glues that require heating, cooking, or 
mixing prior to use. 

POINTKHS ON ISING GLVE.— Each type 
of glue must be prepared and used in a special 
manner if you are to get the strongest possible 
joint. Instructions are always given on the label 
of the container. Study these carefully before 
attempting to use any glue. There are certain 
general priitciples, however, to be followed in 
the application of all glues. 

Phenolic resin glue should be kept in cool 
storage. The glue manufacturer marks on each 
shipment the recommended storage temperature 
and the period of time that the glue can be held 
in storage. You should not permit the glue to 
become heated above the recommended storage 
temperature for any appreciable length of time. 
If you do, some curing action results and the 
glue may become thickened to such an extent 
that it cannot be properly mixed and spread on 
the lumber to be glued. 

Phenolic glue must also be protected from 
freezing temperatures (32^ F or less). At such 
low temperatures some ingredients may settle 
out of the glue and be difficult to remix. 

The wood should »)e warm but not hot. If the 
wood is cold, the glue adjacent to the wood will 
be chilled and will set before it has properly 
penetrated the pores of the joint. If the wood 
is hot, the water in the wood will be expelled 
causing the joint to warp. It is well also to 
have the glue room warm to avoid the dangers 
of chilling. 

Be sure to squeeze or rub excess glue out 
of a joint before applying pressure. Pressure 
should always be applied as quickly as is 



consistent witli good workmanship after the 
spreading of tlie glue, Tliis prevents the glue 
from setting before the excess can )>e squeezed 
out. 

The greater tlie pressure, the stronger will 
\)v tlie joint, provided the pressuie *does not 
l>ecome great enough to crush the wood and 
injure the pores. If possible, the pressure should 
lie at least 100 psi. It is almost impossible 
to squeeze out too much glue. Theoretically the 
IxJnd should con^:is ^^y of the interlaced threads 
of glue passing the pores in one piece to 

the pores in the . .^*r. Clamps may be used to 
produce this pressure, but they do not distribute 
the pressure even. In order to get a joint with 
maximum strength, you should use two plates. 

Good results cannot be obtained from gluing 
operations unless ■ Ktreme cure and attention are 
given to the preparation of glue. All precautions 
taken when gluing up material are wasted if the 
glue is: not in excellent condition. No end of 
trouble is encountered when glue joints fail 
during the process of constmcting a job. Some- 
times a job will hold up until it Is completed, 
then fail during use in the foundry because of 
the poor condition of the glue. By using only the 
best grade of glue, and by following a few simple 
directions, much loss of time and waste of 
energj^ can he aveii:ed, 

METHODS OF APPLYING GLUE,-\\Tien 
the need arises for thicker or wider material 
than 'Jiat immediately available, it will be 
necessary to build up material to the required 
dimensions by gluing a number of pieces 
together. Two principal methods are employed 
for the gluing up of stock; face-to-face gluing 
and edge-to-edge gluing. 

In FACE-TO- FACE GLllNG, first determine 
the sizes of stock neejed. Then decide which 
thickness and width of \he stock on hand will 
produce the required size. Measure and remove 
enough lumber from the rack to do the job, 
Suw the lumber to the required lengths. Dress 
one face and one edge of each piece of material 
on the jointer. Dress the material to proper 
thickness in the planer. Rip the pieces to the 
proper width in the circular saw, (NOTE: 
Woodworking machine operation is explained 
in chapter 5 of this training manual,) Plane 
the surfaces to be glued together with a jointer 
or hand plane until the surfaces are smooth and 
true. Start a finish nail at each end of all but 
one piece of material. Adjust the hand clamps 
to an approximate jaw opening by laying the 
stock on the bench and fitting each clamp loosely 
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over the stock* Then phice tiietn in a spot where 
they can \^ vasilv reached. Place the stock in 
the desired gluing; posit ioru Have tlie piece in 
which no nails have ^/tn^n driven, lyinji lace 
up. Apply a K^X)d coat of glue to the surface 
of the piece of sto^^-k lyitig lace up. Place one 
of the other pieces ot stock face to lace witli 
the glued sur^'ace (with the nails pointing down), 
and lub back and forth or in a circular nvHion. 
At the same time, exert as much down pi*essure 
as possible. This spreads the glue evenly 
throughour the joint and excludes any airbubl)les. 
In additic^n. a certain amount of glue is driven 
into the pores of the wood, and theglueti surfaces 
are brought closer together; this i^educes the 
amount of ••drawing uj)** to be done when the 
clamps are applied. Line the tsvo pieces up 
and set the nails in each end sufficiently to 
hold them togt^ther. The nails are used to hold 
the J^tock together until the clam:)S can ix? put 
in place and to prevent sliding of the pieces 
when the clamps are t>eing tightened. Repeat tlie 
precedinjT gluing operations until all pieces haw 
bi^en assembled. 

Then lay the material on its side in the 
position shown in figure 7-31; note how pieces 
are alternated in relation to the annual riag 
growth of lumbi-r. The warpage of each piece 
will tend to offset the warpage of the one next 
to it if this arrangement is followed. Also» 
arrange the pieces so that the grain of their 



respective surfaces runs in the same di inaction; 
otherwise, difficulties may arise U»ter wuen the 
job is biMng dressed to proper thickness. Planing 
with the grain on one part of the surface ma> 
prove to i)v the wrong direction for an adjacent 
area. After proper arrangement^ use some 
system of nrarking the pieces of stock so that 
tliey will not b^» disarranged during the gluing 
up process. 

Place clamp A (fig. 7-31) in a position so 
that when the clamps are all in place the space 
l)etween them will be practically equal tlirough- 
out the length of the material. Keep the lower 
clamp spindle M at least l/2 inch above the 
surface of the material. Tighten up on spindle 
M and release spindle N until a fair amount of 
pressure is obtained on that part of the jaws 
near M. Next turn spindles M and N until the 
entire face of the jaw K is exerting an even 
pressure on the face of the material. Vse suf- 
ficient force to squeeze excess glue freely from 
tlie joints of the glued up stock and draw all 
joints closely together. 

Place clamp H on the job. Adjust and tighten 
it according to directions given for clamp A. 
Clamping the midsection of the material first 
will give the excess glue which is squeezed out 
of the joint more outlets. As each clamp is 
added» the glue is forced along» as well as out of, 
the joint. If the ends are clamped first, a con- 
siderable volume of glue is trapped which can 
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only be squeezed ou' ly the application of enor- 
mous pressure. Tnis is especially true when 
gluing up wide pieces of material. If the stock 
is laeing glued up on sawhorses, clamps C and 
D can be placed and adjusted from the bottom 
side of the job. The stock is then turned com- 
pletely over on a table or bench, so that it rests 
on the ends of clamps A and B. Clamps C and D 
can then be placed and adjusted from the top in 
the same manner as clamps A and B were put 
on the job. 

Examine the job carefully to see that all the 
clamps are properly set on the job, and that all 
the glued Joints have been properly drawn up. 
Remove the job to a convenient spot where it will 
be out of the way until needed. If the job is left 
on the sawhorses until the glue has hardened, the 
exf.ess glue which has been squeezed out of 
the Joints may cause the Job to stick tc the 
sawhorses. Clean all waste glue from the top 
of the bench or sawhorses. When the glue has 
Jelled, remove most of it with a glue scraper; 
then wipe the surface with a piece of cloth or 
waste which has been dipped in hot water. If 
the Job is "rush", the clamps may be removed 
in 4 hours. However, there is no guarantee that 
the Jolnte will net open up if the clamps are 
removed so soon. More satisfactory results will 
be obtained if the clamps are left on the job 
for at least 12 hours, but this will depend mainly 
on the type of glue used. Construction of the Job 
should be planned to provide for good results 
m gluing operations. 



The EDGE-T0-ECX5E METHOD of gluing 
up stock is employed for two purposes: It is 
used most frequently to obtain material which 
will be relatix »ly thin in comparison with its 
width, but which will not be susceptible to 
excessive warpage. Occasionallr, this method 
is also used to glue up material Vhicl^ has to 
be wider than any on hand. 

In edge-to-edge gluing, select, dress, and 
rip the material in the same manner as described 
for face-to-face gluing. 

Start nails in the ends of each piece of stock 
except one, for the same puiTJOses as described 
in the previous section on face-to-face gluing. 
Set the clamp jaw openings to suit the width of 
the assem'jlea pieces of stock, allowing for the 
placing of blocks on the edges of the material to 
prevent marring by clam? jaws. Make two jig 
blocks for each of the bottom clamps (fig, 7-32) 
to hold the clamps upright during the gluing 
operations. Note that the pieces are arranged 
so that the annual ring growth will tend to offset 
warpage. Be sure that the direction of the grain 
is the same in all the pieces to be glued. 

Place glue on the edges of the boards to be 
jointed. Rub the stock together to spread the 
glue evenly and to force out any air bubbles. 
Hold the work in place by driving the nails 
into each end of the stock as shown in figure 
7-32. If some of the ends of the joints tend to 
open up in spite of the nails and before the 
clamps can be applied, pinch dogs may be used 
temporarily to hold the boards together. Im- 
mediately put the middle clamps in place with 
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Figure 7-32, — Edge-to-edge gluing. 
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the blocks in front of the Jaws. Adjust and 
tighten them. Then adjust and tighten the clamps 
on the ends, removing all excess glue. 

Inspect the clamps every few hours to make 
sure that they are not causing any warping of 
the stock. If you notice any of the edges pulling 
away from another before the glue has dried, 
readjust the clamps so that equal tension is 
applied throughout. In general, clamping and 
the application of pressure should start in the 
center of the work and worked toward each 
end. or started at one end and worked toward 
the other end. 

Combined with glue — other fastening ma- 
terials such as nails, brads, dowels, and 
corrugated fasteners are constantly being used 
in pattern construction. Many of the materials 
used in pattemmaking are the same as those 
found in other woodworking trades. However, 
the Patternmaker may or may not use these 
materials in the same manner as other wood- 
workers. For example. In temporary fastening 
of pattern members, brads, nails, and corrugated 
fasteners may be used instead of wood screws. 
Wood screws may be combined with glue and 
paper In parted pattern turning. Dowels may be 
used for the alignment of parted patterns and 
of loose pattern components. 

The fasteners used most frequently by the 
Patternm?iker are nails, brads, wood screws, 
dowels, and corrugated fasteners. A description 
of these fasteners Is given in the following 
paragraphs. 

Nails and Brads 

There are many types of nails, all of which 
are classified according to use and form. The 
wire NAIL so called because it Is made from 
steel wire. Is round- shafted, strai^t, pointed, 
and may vary In size, wei^t, size and shape of 
head, type of point, and finish. There are a 
few general rules to be followed In the use of 
nails. For maxim im holding power, a nail 
whatever the type, should be at least three times 
as long as the thickness of wood it Is intended 
to hold. Two-thirds of the length of the nail 

driven into the second piece for proper 
anchorage while one- third pro^des the necessary 
anchorage of the piece being fastened. Nails 
should be driven at an angle slightly toward 
each other and should be carefully placed to 
provide the greatest holding power. Nails driven 
with the grain do not hold as well as nails 



driven across the grain. A few nails of proper 
type and size, properly placed and properly 
driven, will hold better than a great many 
driven close together. Nails can generally toe 
considered the cheapest and easiest fasteners 
to be applied. In ter ns of holding power alone, 
nails provide the least; screws of comparable 
size provide more, and bolts provide the greatest 
amount. 

NAIL SIZES are designated by the use of the 
term PENNY. This term designates the length of 
the nail (1 r^W» 2 penny, etc.), which is the 
same for all i^es. The approximate number 
of nails per « >und, varies according to the 
type and size. The wire gage num^r varies 
according to type. Figure 7-33 provides the 
information related to the term penny for each 
of the type of nails referenced to in this section. 
The d adjacent to the numbers in the Size 
column is the accepted abbreviation of the word 
penny as used in nail sizing and should be read 
2 penny, 3 penny, etc. 

The COMMON WIRE NAIL (view A, fig. 7-34) 
has a flat head and ranges in size from 2d 
(1 inch long) to 60d (6 inches long). THE BOX 
NAIL (view B, fig. 7-34) has the same length 
per penny size as the common wire nalU tout 
has a lighter head and small diameter. Both 
the common wire and box nail are generally 
used for structural carpentry where appearance 
is not important. 

THE FINISHING NAIL (vi^w C, fig. 7-84) is 
made of finer wire than either the common 
wire or box nail. However, its length, related 
to penny size, is the same. The finish nail has 
a small head v^lch may be set below the surface 
of the wood into which it is driven leaving only 
a small hole which may be smoothly puttied 
or waxed over. It is used where appearance 
is important such as for interior ana exterior 
carpentry , cabinetmaking^ and pattemmaking. 

The DUPLEX NAIL (D, fig. 7-34) is a 
temporary fastener meant to be removed. For 
this reason, it is made with two heads. The 
lower head, or shoulder, is provided so that the 
nail may be driven securely home to give 
maximim holding power while the upper head 
projects above the surface of the wood to make 
its removal simple. 

The WIRE —GAGE BRAD (view E, fig. 7-34) 
may be obtained in several gages for the same 
lei^ of brad; it ranges in length from 8/8 
inch to 6 inches. It is therefore the most suitable 
brad for pattern work. Remember that tor brads 

196 



ERIC 



Chapter 7 -PATTERN CONSTBUCTION TECHNIQl'KS 



B 



E r G 



V 



V 



V 



V 



COMMON WIRE NAILS 



H I J K L M N 



0 P 



V 



V 





LENGTH AND CAGE 
INCHES NUMBER 


APPROXIMATE 
NUMBER TO 
POUND 


A $04 


6 


2 


1 1 


B %04 




3 


14 


C 404 


5 


4 


18 


D 3Ctf 


A } 
^ ? 


5 


24 


£ Z04 




6 


31 


P 164 


^ 1 

'* » 


7 


49 


0 I2d 


« t 
*• 


8 


63 


M 104 






69 


1 94 


zl 




96 


J U 






106 


K 74 


2i 


It; 


161 


L 64 


2 




181 


M $4 


t| 




271 


N 44 


u 


121 


316 


0 94 


11 


14 


868 


P 24 


1 


1$ 


876 



Figure 7-33, — Types of nails and nail sizes. 



29.121 



the higher the gage number, the smaller the 
body diameter, Itfc size is Identified according 
to "length and wire gage"; forexample, "1 - 12" 
means 1 inch long and made of l2-gage wire 
(0,105 inch). While "1 1/2-15" means 1 1/2 
Inches long and made of 15-gage wire (0,072 inch). 

Wood Screws 

The use of wood screws, rather than nails, an 
fasteners may be dictated by a number of factors. 



These may Include the type of material to be 
fastened, the requirement for greater holding 
power than could be obtained by the use of 
nails, the finished appearance desired, and the 
fact that the number of fasteners that can be 
used is limited. The use of screws, rather 
than nails," is more expensive in terms of time 
and money but is often necessary to meet re- 
quirements for superior results. The main 
advantages of screws are— they provide more 
holding power; can be easily tightened to draw 
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Figure 7-34. — Nails and brads. 



the items being fastened securely together; are 
neater In appearance if properly driven; and 
may be withdrawn without damaging themateriaU 
The common wood screw is usually made of 
unhardened steel, stainless steel, aluminum, or 
brass* Unhardened steel or brass screws are 
normally used in the pattern shop. The steel 
may be bright finished or blued, or zinc, 
cadmium, or chrome plated* Wood screws are 
threaded from a gimlet point for approximately 
2/3 of the length of the screw and are provided 
with a slotted head designed to be driven by 
an inserted screwdriver* 

WOOD screws as shown in figure 7-35 are 
designated according to head style. The most 
common types are: FLATHEAD, OVALHEAD, 
and ROUNDHEAD, both in slotted and phillips 
heads. To prepare wood for receiving the screws, 
bore a pilot hole the diameter of the screw to 
be used in the piece of wood that is to be 
fastened (fig, 7-86). Then bore a smaller, starter 
hole in the piece of wood that is to act as anchor 
or hold the threads of the screw. The starter 
hole is drilled with a diameter less than that 
of the screw threads and to a depth 1/2 or 2/3 
the length of the threads to t anchored* The 
purpose of this careful preparation is to assure 
accuracy in the placement of the screws, to 
reduce the possibility of splitting the wood, and 
to reduce the time and effort i-equired to drive 
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Figure 7-35. — Types of wood screws and nomenclature. 
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Figure 7-36. — Sinking screw properly. 



the screw. Properly set slotted and philliy*" 
flathead and ovalhead screws are countersuii. 
sufficiently to permit a covering material to be 
used to cover the head. Slotted roundhead and 
Phillips roundhead screws are not countersunk, 
but are driven so that the head is flrm'y flush 
with the surface of the wood. The slot of ihe 
roundhead screw is left parallel with the grain 
of the wood. 

The proper name for LAG SCREWS (fig. 
7-36) is LAG BOLT, wood screw type. These 
screws are often requli'ed in construction 
building. They are longer and much heavier 
than the common wood screw and have coarser 
threads which extend from u cone or gimlet 
point slightly more than half the length of the 
screw. Squarehead and hexagon head lag screws 
are always externally driven, usually by means 
of a wrench. They a^e used when ordinary wood 
screws would be too short or too light and 



spikes would not be strong enough. For sizes 
of lag screws, see table 7-1, 

Wood screws come In sizes which vary from 
1/4 inch to 6 Inches. Screws up to 1 Inch In 
length increase by eighths, screws from 1 to 3 
inches increase by quarters, and screws from 
3 to 6 Inches Increase by half-inches. Screws 
vary In length and size of sha:-. Each length is 
made in u number of shaft sizes specified by an 
arbitrary numJ)er that represents no particular 
measurement but Indicates relative differences 
in the diameter of the screws. Proper nomen- 
clature of a screw as Illustrated In figure 7-35 
Includes the type, material, finish, length, and 
screw size num'ser which indicates the wire 
gage of the body, drill or bit size for the body 
hole, and drill or bit size for the starter hole. 
Tables 7-2 and 7-3 provide size, length, gage, 
and applicable drill and auger bit sizes for 
screws; table 7-1 gives lengths and diameters 
of lag screwfs. 

Dowels 

Dowels are used by Patternmakers to as- 
semble and hold the loose parts of the pattern 
In proper relation to each other while the pattern 
is being rammed up In the mold. They are 
frequently used to reinforce glued joints and 
delicate parts of a job. WOODEN DOWELS are 
round wooden pins that are made by a special 
dowel machine equipped with revolving cutters. 

The best wooden dowels are made from 
straight-grain maple or birch. The diameters 
commonly used In the shop are: l/8, 1/4, 3/8, 
1/2, 6/8, 3/4, 7/8, and 1 Inch. See figure 7-37. 



Table 7-1. — Lag Screws 



I ^ 

II to IJ 

la to 



X 
X 
X 



X 
X 
X 
X 



X 
X 
X 
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Table 7-2. — Screw Sizes and Dimensions 



^.icngth (in.) 


Size numbers 


0 


1 


2 




4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 




17 


18 


20 


22 


24 


3/S 

1/2 

5/H 

3 '4 

7/H 

1 

114 

1 1 '2 

13 4 

2 1 '4 

2 1/2 

2 a '4 

a 1 '2 

4 . 

4 1 '2 

r, 


X 
X 


X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
>w 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
X 
X 
X 
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X 
X 
X 
X 
X 
X 
X 
X 
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X 
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X 
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X 
X 
X 
X 
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X 
X 
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X 
X 
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X 
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X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
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X 
X 
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X 
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X 
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X 
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X 
X 
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X 
X 
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X 
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X 
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X 
X 
X 
X 
X 
X 
X 
X 
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Threads per inch .... 




28 




24 


22 


20 


18 


16 


15 


14 


13 


12 


11 




10 




9 




8 


8 




7 


Diameter of screw (in.) 


c 
o 


e-5 

o 


o 


a> 
<s> 
o 


CM 




00 

w 






t- 


o 


• 


CM 




CM 
CM 




ro 
CM 




CM 


o 

CM 
CO 
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Table 7-3. — Drill and Auger Bit Sizes for Wood Screws 



Nominal screw 



B()dy diameter 



Pilot hole 



Starter hole 



Drill size 
Bit size 
i Drill pite 
I Bit size 



1 


2 


1 


4 




6 


! 7 




0 


10 


12 


14 


Id 


10 


07a 


.086 


.099 


.112 


i .125 


.138 


"^51 


.164 


.177 


.190 


.216 


.242 


.268 


.294 




3 


3 


7 


i 

1 1 


9 


5 


11 


11 


3 


7 


15 


17 


19 




32 


32 


64 


i 8 

. . 


64 


32 


64 


64 


16 


32 


64 


64 


64 


5 ' 


3 




7 


i 1 


9 


5 


11 


3 


■- 

3 


7 


1^ 


17 


19 


64 






64 


I 8 

; 


64 


32 


64 


16 


16 


32 


4 


64 


64 






















4 


4 


5 


5 




1 


1 ; 


5 


iVj 


3 


7 


7 


1 


1 


9 


5 


3 


13 




16 . 


16 ; 


64 


1 64 ! 

1 


32 


64 


64 


8 




64 


32 


16 


64 




■ ■ 1 


1 




1 1 


















4 


i ! . 1 1 
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OOWl KEY METAL DOVfflS WOW 00««S 



68.44 

Figure 7-37. — Dowels and dowel keys. 



MET\L COWELS, especially of brass, are 
used quite frequently. They are not easily 
damaged. They also eliminate the inconvenience 
caused by the swelling of wooden dowels which 
have absorbed moisture from the molding sand. 
One type of metal dowel is shown in figure 7-37. 

Metal dowels are self-centering— the lower 
portion of the threaded end is designed to find 
its own center in the bored hole and hold the 
dowel to its center as the threads cut their way 
into the wood. The depth of the thread tends 
to keep tlie dowel tight, giving the male and 
female parts a fit within a tolerance of 0.001 
inch. 

The metal dowel is easily inserted or re- 
moved from drilled holes in the pattern. DOWEL 
KEYS are used for this purpose. (See fig. 7-37.) 

Table 7-4 lists the dowel num^r size, 
diameter of the dowel pin, and the recommended 
drill size to be used. 

Corrugated Fasteners 

a)rrugated fasteners are made from sheet 
metal of 18 to 22 gage with alternate ridges and 
grooves; the ridges vary from 3/16 to 6/l6 inch, 
center to center. One end is cut square, the 
other is sharpened with bevel edges creating 



Table 7-4. — Drill Sizes for Metal Dowels 



Dowel No. 
Size 


Dowel Diameter 
(Inches) 


Drill oize 
(Inches) 


0 


7/64 


1/8 


1 


11/64 


3/16 


2 


3/16 


1/4 


3 


7/32 


5/16 


4 


5/16 


7/16 


5 


13/32 


9/16 


6 


17/32 


3/4 


7 


13/16 


1 
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a sawtooth effect. There are two types of cor- 
rugated fasteners, PARALLEL and DIVERGENT. 
(See fig. 7-38.) The parallel type has the ridges 
running parallel. The divergent type has the 
ri'iges running at a slight angle away from the 
square edge. The angle creates a tendency to 
compi'ess the material since the ridges and 
grooves are closer together at the top than at 
the bottom. Corrugated fasteners are made in 
several different lengths and widths, "he width 
varies from 5/8 inch to 1 1/8 inches, while the 
length varies from 1/4 to 1 inch. In addition, 
they are also made with different numiiers of 
ridges, ranging from 3 to 6 ridges per fastener. 



FINISHING THE PATTERN 

After a pattern is constructed and before it 
receives its final protective pattern coating, it 
must be sanded to remove tool marks and ridges. 
Fillets must be added, identification markings 
must be included, and rapping and lifting plates 
must be set into the pattern. 

The procedure followed to complete patterns 
may vary depending upon ihe job requirements. 
The sequence of steps which may be followed 
to complete a pattern are discussed in the 
following sections. 
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RIDGES 
PARALLEL 
(PARALLEL) 



RIDGES AT A 
SLIGHT ANGLE 
(DIVERGENT) 





METHOD OF USE 



68.45(68C) 

Figure 7-38. — Corrugated fasteners and their 

uses. 



SANDING MATERIALS 

After a pattern is constructed, it must be 
sandpapered smooth in order to remove the< 
ridges and marks left by the cutting tools/ 
Howeve • sanding must be done with care so as to 
not remove the construction lines and centerlines. 
Final finishing of a pattern is very Important 
because it gives the pattern a hard, smooth 
finish that is resistant to the warping effects 
of moisture and heat, and to abrasion. It also 
helps the Molder to draw the pattern away 
from the sand mold cleanly. 

Two types of SANDPAPER are used in the 
pattern shop: (1) quartz or fant, and (2) garnet. 
The first type is made from crushed quartz 
rock and the second from crushed garnet ore. 



Both sandpapers are made by applying hot glue 
to one side of a tough paper, and then sprinkling 
the abrasive material on top of the glue. Garnet 
paper is harder and more durable. 

Sandpapers ai'e graded according to the 
coarseness or fineness of the abrasive particles 
that are used. The grade is marked by a number 
on the back of the sandpaper. Different grades 
are used to indicate grit size for flint and garnet 
papers. The various grades in each type are 
listed In the accompanying chart: 



GRADE 



USES 



Very fine Cttbinet 

finishing 



GRIT SIZE 
Garnet Flint 



9/0 
8/0 
7/0 
6/0 
5/0 



Fine 



Medium 



0>arse 



Finish 
sanding 



Rou^ 
sanding 



Disk 

sanding 



4/0 
3/0 
2/0 



0 
1/2 
1 

1 1/2 



4/0 
3/0 



2/0 
0 
1/2 



1 

11/2 
2 



2 1/2 2 1/2 
3 3 



Grit sizes of garnet paper above 4/0 and flint 
paper above 2/0 are used for cabinet work. 
However, the pattern shop usually stocks no 
finer grade than number 4/0. The sandpaper 
for hand use comes in sheets about 9 11 
inches. For machine sanders, it comes either 
In rolls or already cut to fit the machine. 

The proper storage of sandpaper is important 
for good performance. It should never be stored 
in a damp place or in a place where it might 
become too dry. Moisture tends to loosen the 
abrasive material, vvhile excessive dryness tends 
to make the paper too brittle. 
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HAND SANDING 

Sanding of finished surfaces of cabinet and 
jointer work is usually done with the inin of the 
grain to avoid scratches that might spoil the 
natural appearance of the grain. A large portion 
of pattern material, however, is sanded across 
the grain to produce a surface that is both 
smooth and even. This applies in particular to 
material such as redwood and some of the pines 
used in the pattern shop. These woods possess 
a marked difference in hardness between the 
soft and hard portions of their annual ring 
growth. WTien sanding is done with the run of the 
grain on wood of this type, the abrasive on the 
sandpaper tends to remove the softer portion 
of the grain quite rapidly in the form of micro- 
scopic shreds. The harder grain portions offer 
more resistance to the abrasive, frequently 
being so tough that they are barely affected. 
Instead, they tear the abrasive from the paper, 
and this loose material in turn attacks the softer 
portions as the sandpaper is pushed back and 
forth over the surface. This often produces a 
••washboard'' surface that is very unsatisfactory 
for the face of a pattern. 

When the same woods are sanded across 
the grain, the abrasive material rapidly cuts 
tiny chips out of the hard fiber walls, somewhat 
in "the manner of thousands of small saw teeth 
all cutting at once. The entire abrasive face 
of the sandpaper is evenly dulled, and cannot 
remove the soft grain portion any fast**r than the 
reduction of the hard fibers will permit. This 
action produces a smooth and fairly even sur- 
face that is quite suitable for a pattern finish. 

For sandit^ flat surfaces, select a sheet of 
sandpaper that is just coarse enough to dr^^ss 
the surface free of tool marks without cutting 
the surface too rapidly. Best results are ob- 
tained in the use of sandpaper if you bend a 
sheet over the sharp edge of a table or board 
and tear it into four equal parts^ Since a sheet 
of sandpaper is too large for the average-size 
job, tearing it into four parts saves much un- 
necessary waste* 

Make a sandpaper block and fold one of the 
pieces of sandpaper around it. Sand the surface 
by moving the block back and forth across the 
grain with long strokes; at the same time, move 
along the surface from one end of the material 
to the other. Do not sand in one spot; instead, 
try to remove an equal amount from all parts 



of the surface during each sanding motion. With 
the bench brush, brush the surface free of wood 
dust and loose abrasives. Examine the surface 
to see if all tool marks have been i^emoved. If 
not, repeat these sanding operations until the 
desired results are obtained, ^lect a sheet 
of fine sandpaper for finishing the surface. 
Complete sanding the surface with the fine grade 
of sandpaper, and brush the surface clean with 
the bench birush. 

When sanding straight narrow edges, sand 
with the grain of the wood. There is a tendency 
to impart a rocking motion to the sanding block 
when cross-grain sanding is being done on 
narrow edges; the rocking motion produces a 
rounded surface. 

When sandii^ concave surfaces, use a round* 
faced block. Do as much cross-grain sanding 
as conditions will permit. Select a sheet of 
sandpaper of suitable coarseness, tear it into 
four equal parts, and wrap one piece around 
the curved side of a sanding block. Start each 
sanding stroke at the top edge of the concave 
surface and push toward the bottom. Do not 
sand on the back stroke, because you may pass 
over the edge and knock the corner over. Clean 
the surface with the bench brush occasionally, 
examining for tool marks. Finish the surface 
with a fine grade of sandpaper. 

In sanding irregular surfaces, the usual 
procedure is to tear the sandpaper sheet into 
quarters. Fold each quarter as shown in figure 
7-39 to obtain three separate surfaces. As one 
surface of the paper becomes dull, the paper 
can be turned over until the entire piece has 
been used. The paper is held during sanding as 
shown in figure 7-40. This method of sanding 
is used for surfaces for which a sandpaper 
block is unsuitable. Exercise care to avoid 
sanding too long in one spot and thereby altering 
the dimensions of a job. 
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Figure 7-89. — Folded sandpaper. 
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Figure 7-40. — Holding folded sandpaper. 



One method ol finish sunding frequently 
employed after sanding with a folded sheet of 
sandpaper, is to tear off a narrow strip of 
sandpaper atid use it in shoe-shine fashion. 
This should J>e done with a fine grade of sand- 
paper, albout 3/0 or 4/0, when finishing small 
johs. Coarser grades may be used on larger 
work. 

In sanding shellacked surfaces, either of 
these sanding methods may be used as conditions 
warrant. However, most sanding of shellacked 
surfaces is done by using sandpaper folded as 
shown in figures 7-39 and 7-40. 

The principal puipose of sanding a shellacked 
surface is to remove any roughness that may be 
present, without removing the shellac. The pres- 
sure exerted on the sandpaper should never be 
greater than that necessary to obtain satisfactory 
results. Also, as fine a grade of sandpaper as 
the job will permit should be used. 

Examine a shellacked surface to see if it is 
fully dry before attempting to sand it. Select a 
sheet of sandpaper of proper grade for the job 
to be done. Tear the sheet into four equal parts, 
and fold one piece as shown in figure 7-39. Hold 
the folded sandpaper as shown in figure 7-40. 
Sand the surface very lightly at first, increasing 
pressure as conditions may require. Use strokes 
that are as long as possible and do not ••dabble'* 
in one spot. Examine the surface frequently to 
see if the desired results are being obtained. 
Do no more sanding than is necessary to 
produce a smooth surface. Also, examine the 
sandpaper frequently to see if any part has 
become gummed with shellac. If it has, do not 
use that part of the sandpaper any longer because 
it will scratch the surface of the job. 



LATHE SANDING 

Excessive sanding of work in a lathe should 
\>e avoided or the dimensions of the job may 
l)ecome too greatly altered. The job should be 
carefully turned to a sm«")0th finish sothatonlsf 
minor sanding is necessary to finish the surface. 
The speed of the lathe should be well regulated 
during sanding operations in order to avoid 
burning. A fine grade of sandpaper should be 
used (3/0 or 4/0) on the aver^^-size job. 
Dulled, fine siuidpaper (4/0) should be used on 
\^ry small work. Always remove the toolrest 
from the lathe before sanding a job. 

For most lathe sanding jobs, use 3/0 or 
partially worn sandpaper. If the job is small, 
use a half sheet; if fairly large, use the whole 
sheet. Fold the sheet twice, and start the lathe 
at about medium speed. Apply the sandpaper 
lightly (fig. 7-41) and keep moving it along the 
surface of the job. Do not let the sandpaper 
stay in one spot. When sanding the ends of the 
job, use a narrow strip of sandpaper, folding 
it between your fingers in the shape of the 
surface to be sanded. Then hold it lightly against 
the stock, and rotate it at the proper angle so 
that all angles, edges, or shoulders retain their 
designed shapes. (See fig. 7-42.) 

In sanding a concave faceplate pattern, start 
by tearing a suitable piece from a sheet of 4/0 
sandpaper. Fold it over twice. Bend the paper a 
few times to make it pliable, so that it can take 




68.48 

Figure 7-41.— Sanding a lathe job. 
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the shape of the concave surface. Start the 
lathe at about medium speed. Sand the job as 
Illustrated by figure 7-43. Do not knock off the 
sharp corners on the face of the bend. 

You will find that electric sanders are useful 
for smtX)thing stocky and tor putting draft on 
the sides of patterns. Be alert when operating 
a machine sander so you will not cut off too 
much stock and ruin your work. 




68.49 

Figure 7-42. — Sanding at an angle. 




68.50 

Figure 7-43. - Sanding a concave faceplate 

pattern^ 



FILLETS 

FILLETS are concave connections or corner 
pieces Uiat are used to eliminate sharp corners 
on patterns. They are designed to provide addi- 
tional strength on the finished casting by relieving 
tiie strains and stresses that are created in 
the shrinking of the metal as it cools. The use 
of fillets also helps to eliminate sharp edges 
of sand that are likely to be loosened and to 
fall when the pattern is withdrawn. 

Types of Fillets 

By far the strongest and most satisfactory 
fillet is that turned or carved from the pattern 
stock on the pattern itself. Others in the order 
of their importance are the glued-on wooden 
fillet, the leather fillet, and the wax fillet. 
Fillet irons, pattern letters and figures, and 
rapping and lifting plates are illustrated in 
figure 7-44. 

GLUED-ON WOODEN FILLETS may be 
classified as either STRUCK fillets or PLANTED 
fillets. A struck lillet is made from rectangular 
stock, glued in place, and carved to shape. See 
part A of fig. 7-45. A planted fillet is made of 
previously shaped stock that is glued or affixed 
in place. (See part B of fig. 7-45.) Note that on 
planted fillets, the sides are cut to slightly more 
than 90** to permit the feather edge of the fillet 
to adhere tightly to the pattern. In addition, the 
back corner Oieel) is trimmed to allow for 
the glue or shellac which might prevent close 
adhesion. Wood fillet stock may be purchased 
in sizes ranging from l/4 inch to 2 inches* 

LEATHER FILLETS may be classified as 
planted fillets. These fillets are frequently used 
to fill in sharp corners occurring at the inter- 
section of irregular shapes and also for shaping 
to curves. Some additional pliability may be 
obtained from this type of fillet by moistening 
the face of the leather and by working and 
flexing the leather in the hands. 

Leather fillets range in size from a 1/16- 
inch radius to a 1-inch radius. (See fig. 7-46.) 
An approximate method of measuring leather 
fillet stock is to measure from the point of the 
angluar face to the edge of the fillet. 

WAX FILLETS are occasionally used for 
small fillets and for filling up holes made by 
brads and screws. They may be purchased in 
sizes of l/l6 ••round'* (diameter) to 3/4-inch 
radius. (See fig. 7-47.) WAX fillets may be 
classified as planted fillets, but the term 
PRESSED is generally applied to wax fillets. 
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Figure 7-44, — Fillet irons, pattern letters, and 
rapping plates. 




Figure 7-46. - Leather fillets. 
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Figure 7-45. — Struck and planted fillets. 



Figure 7-47. - Wax fillets. 
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A leather or wax fillet may be forced or 
molded (pressed) into place by a FILLET IRON. 
When used for wax filleting, the iron is heated 
slightly over an alcohol lamp. The spherical 
ends of the fillet iron are of different diameters, 
A full set of irons provides spheres ranelng 
from 1/8 inch to 1 inch in diameter (In 1/16- 
Inch Increments). The Irons should be kept clean 
at all times. To remove shellac from them, 
use a rag moistened in alcohol. To remove 
glue, use a rag soaked in hot water. 
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Rutming in Leather Fillets 

^-.eather fillets are usually run on patterns 
when speed of production rather than durability 
of the pattern is the important consideration* 
They are frequently used in Job shops and aboard 
repair ships when relatively few castings are 
to be made from a pattern* The cuttii^; of 
leather fillets and the methods used to secure 
the fillet in place are discussed in the following 
paragraptis* 

Cutting Leather Fillets 

The first step in running leather fillets is 
to cut each fillet to the rough length* For a 
straight corner, cut the fillet slig^itly longer 
than the comer it is to be run in. (See part 
A of fig. 7-48.) The overhangingends are trimmed 
with a sharp knife or paring chisel after the 
fillet is secured to the job and the shellac or 
glue has set. 

For an intersecting comer (part B of fig. 
7*48)g the bottom fillets have their corner ends 
trimmed to form a m!ter Joint where they meet. 
These fillets (X and Y) are run first. The 
vertical fillet (Z) has its comer end trimmed 
to a rounded feather edge or **fade out.*Mt is run 
last. AU are cut slightly longer than required, 
then trimmed flush with the pattern edges later* 

For a round boss» the length of fillet is 
measured rou^ly by wrapping it siujgly around 
the boss and marking the Joint with knife cuts. 
See J of part C of fig. 7-48. •The fillet should be 
kept long enough to completely encircle the boss; 
then if it is too long after being run in place» 
the excess can be trimmed off with a bench 
knife. 

Occasionally you will find leather fillets 
which are stiff and not pliable. This condition 
can be improved by soaking the f ill€its to be run 
with glue in cold or lukewarm water; those to be 
run with shellac may be brushed with alcohol. 

After you have trimmed the fillets to size» 
you are ready to continue. 

Methods of Securing 
Leather Fillets 

Two methods are employed to secure leather 
fillets to a pattern. One method is to use shellac 
as an adhesive agent and the other method is 
to glue the fillets to the Job. 

The first method is considered the better 
of the two. The shellac does not set as r^ldly 
as the gliae; therefore* more time can be taken 






A. Straight corner 

B. Intersecting corner 

C. Round boss 

68.55 

Figure 7-48. — Trimming fillets to size. 



during the operation to obtain the best possible 
results. Also* fillets that are shellacked are 
not so readily loosened by e}qx)sure to moisture 
as those attached to a pattern with glue* More 
time is required to run fillets with shellac; for 
that reason, glue is sometimes used on rush 
Jobs or on patterns i^oh will be used only 
once or twice. Fillets to be secured with shellac 
are usually run on the Job after the first coat 
of shellac has been applied to the pattern. When 
glue is usedp the fillets must be run before 
any shellac is applied because the glue will 
not adhere properly to a shellacked surface. 

A good rule to determine ^icb method of 
securing lea&er fillets to use is **Glue to wood 
and shellac to shellac.** This 'means use glue 
to fasten leather filleto to bare wood and use 
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shellac to fasten leather fillets to shellacked 
surfaces. 

SHELLACKED METHOD, -Shellacked fillets 
are usually run on a pattern after the first coat 
of shellac hzs been applied to the pattern 
surface. Sometimijs, only that portion of the 
pattern to be filleted is shellacked at this time; 
the remainder of the Job is shellacked later. 
Lay the trimmed fillets on the workbench or a 
piece of board with the angular faces up^ 
Apply one coat of shellac to all the fillets 
and allow several minutes for drying. Keep 
repeating the applications until the fillets will 
absorb no more shellac — allowing several min- 
utes between couts — and until a sticky sux^face 
is obtained. Tsually thi^ coats are sufficient. 

Hold a fillet at one end and apply the 
shellacked face to the corner. Dip the end of 
the fillet iron into alcohol. Iron the fillet well 
Into place, and continue ironing until the fillet 
is set securely* 

Dip ihe fillet iron into alcohol frequently and 
wipe the end clean with a piece of Waste soaked 
in alcoaoU After the fillet is in place, wipe 
excess shellac from the face and the surrounding 
area with a piece of waste moistened in alcohol. 
Kun all fillets as rapidly as possible. Allow 
Uie fillets to become well set before doing 
•any final trimming that may be necessary. 

GLVED METHOD. - The glued fillet operation 
is slightly different trom the shellacked fillet 
operation. Lay the trimmed fillets face down on 
the workbench with the angular face of the fillet 
up. Apply a coat of glue to the angular face 
of the fillet to be run first. Apply only the 
minimum of glue needed to hold the fillet to 
the pattern. Glue is not applied to a fillet 
until just before time for it to be run. If glue 
is applied on all fillets at the same tlme^ it 
will chill and set before you can run them in 
place. Always work rapidly during this operation. 

Immediately after applying the glue, lift the 
fillet off the bench by one end and place it ''glue 
face'* to the corner where it is to be located. 
Use the correct size of fillet Iron and iron 
the fillet well into the corner. See fig. 7-49. 
Keep ironing until the fillet sets securely in 
place. 

Clean the fillet iron frequently with a piece 
of waste dipped in hot water. Wipe excess glue 
off the face of the fillet and the surrounding 
pattern surface with a moist piece of clean 
waste. Do any necessary trimming with a bench 
knife and paring chisel after the glue has set. 
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Figure 7-49.— Ironing a fillet* 



PATTERN LETTERS, FIGURES, 
AND INSIGNIA 

Pattern letters, figures, and Insignia are 
placed on patterns to identify the casting or the 
pattern. They are also useful in the indexing 
and storing of patterns. The most common 
method is to put raised letters and figures 
on the pattern. The letters and figures may 
be obtained In various sizes, styles, and metals# 
The letters and num>)ers most commonly used 
are cast from an alloy of lead and tin, white 
metal, lead, aluminum, or t.ass. Some metal 
letters are made with points, sprigs, or spurs 
on the back so that they can be driven into a 
wooden board or riveted to a metal plate. Others 
are made without points and may either be 
shellacked to wood or soldered or sweated to 
metal. The sides are made with plenty of draft 
so that the letters will pull away from the sand 
freely and cleanly. Figure 7-50 shows the 
cross-section views of a few representative 
styles that are In common use. 

Another method employs a special machine 
to emboss the letters and figures on strips 
of aluminimi, zinc, or brass. These strips are 
then shellacked or tacked on the pattern. (See 
fig. 7-44.) 

When ordering pattern letters from a pattern 
supply house, consider the mamtfaoturer's 
system of packing them In assortments called 
FONTS. A font Is an alphabet of letters with 
more of certain frequently used letters such 
as the vowels A, E, I, O, and U, and fewer 
of the little used consonants such as Q, X, 
and Z. A font Is composed of the quantity of 
each letter which experience has shown will 
be needed In comparison to the frequency with 
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CROSS SECTION VIEW 



NAME OP S1YLE 
TABLET 



a lifting pin is screwed to lift tlie pattern from 
the mold. See fig. 7-44. 

When rapping or lifting plates are used, 
tlwy are set lielow the surface of the pattern and 
fastened witli screws. 



KAIR LINE 



ROMAN 



$HARP.FACE COTHrC 



FLAT-FACE COTHtC 



DORIC HALF-ROUND 



68.5? 

Ftgure 7-50, --Cross-section views of styles of 
pattern und tablet letters. 



which other letters in the alphabet will be 
needed, 

THE NUM8EH OF A's FLUNISHES THE 
KEY TO THE SIZE OF THE FONT. Notice 
in table 7-5 under the 10- A Font that there are 
ten of each of the letters I, N» 0» R» S, and 
T; while there ure 12 E's (20 percent more). 
With this in mind, you can approximate the 
amount of characters Included in ANY font 
because the proportions are similar for all 
fonts regaraless of their size. Although fonts 
vary» the size is always indicated with some 
marking such as IDA, 15A, 25A, 50 A, lOOA. etc* 

HAPPING AND LIFTING 
PLATES 

Rapping and lifting plates are devices pro- 
vided on patterns to prevent spUttlnf when 
the patterns are rapped for loosening prior 
to being drawn from the sand. They are also 
helpful to the Molder in lifting the pattern out. 
especially if It is large. 

The plates are of various sizes and designs. 
They have one or more smooth holes into which 
a rapping bar is placed and stjruck. They also 
have one or more threaded holes into which 



PATTERN COATINGS 

With the exception of the final checking of 
the pattern* the application of a pattern finish 
is the last step in the coni:)letion of a pattern. 
Because it is a veiy inri>ortunt step, the Pattern- 
maker must know about pattern coatings 
materials and their application. 

Wlien you have completed the pattern and 
its core \)0\. the surface of the pattern must 
l>e covered witli some material which will 
lender it hard, smwth, and i^si slant to the 
moisture of the molding sand. In addition^ the 
pattern finish chould make tlie pattern easier 
to withdraw from the mold. 

Many types of pattern coatings are manu- 
factured, such as pui*e shellac, lacquer based 
coatings or plastic resins. Keep in mind that 
a pattern coating used on patterns for one foundry 
may not be suitable on patterns for another, 
due to tlie differences in conditions, and the 
methods and materials used in different found- 
ries. However, satisfactory results can ^>e 
obtained by experimentation to select the most 
desirable pattern coating. 

To be successfiil for foundry use, a pattern 
coating must: 

1. Flow evenly and adhere to previously 
applied coats without lifting them, 

2. Have a minimum drying time between 
coats. 

3. Not raise the grain, which would irequire 
sanding between coatF, 

4. Not blister after application. 

5. Not be brittle and chip off. but must be 
elastic enough to expand and contract without 
cracking or checking. 

6. Dry over wax fillets in approximately 
the same time it diies over wood. 

7. Be resistant to oil and greases. 

8. Resist the heat and moisture und the 
abrasive action of tne foundry sands. 

To help you properly iutsntiiy pattern coatings, 
a brief discussion of the various coatings and 
their application is givf»n in the following 
sections. 
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Table 7-5. — Pattern Letter Fonts 
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Shellac 

SHtlLLAC is used on patterns more than 
any other protective material because 6{ its 
ability to dry rapidly and to contract. It forms 
a smooth, hard surface • which is essential to 
the easy drawing of a pattern from the molding 
sand. Shellac also seals the pores of the wood 
of the pattern againf^t taking up moisture from 
the damp sand used in the foundry. 

Shellac may be purchased for use in the 
pattern shop in two forms: dry flake shellac 
and liquid shellac. In Na\y shops, it is purchased 
in the dry state for convenience in handling 
and storage. It comes in the form of very thin> 
sm'ill flakes of a bri^t am^jer color. Fluke 
shellac should be stored in a cool, dry place 
and kept tightly covered so that dirt and wood 
chips will not get into it. Only enough shellac 



is prepared at one time as is needed for a 
short period. The preparation and storing of 
shellac are very important in obtaining a good 
pattern finish. 

To mix shellac, fill a glass container or 
earthenware crock about three-quarters full with 
shellac flakes. Add denatured (ethyl) alcohol 
until it stands about 1/2 inch above the flakes. 
One gallon of denatured grain alcohol is needed 
for three or four pounds of flakes. The use 
of .wood (methyl) alcohol or other solvents Is 
not advisable since such solvents retard the 
proper drying of the shellac and affect its 
durability. 

The mixture should be stirred and then 
allowed to stand for a day or more. Every few 
hours it should be stirred until all the flakes 
are dissolved. 
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Liquid shellac should never toe stored in 
metal containers or it will become discolored* 
It Bhould be kept in a cool place where the sun 
will not strikf* the container. After the flakes 
have dissolved thorou^ly, strain the mixture. 
With string, tie two or three layers of gauze 
sheets or cheesecloth over the mouth of an 
empty crock* (See fig. 7-51.) Slowly strain the 
shellac into the empty crock, using a copper 
dipper to transfer the mixture. Copper is less 
susceptible to attack from the solution than 
most metals and will not discolor the shellac. 
The straining removes most of the foreign 
matter and grit. Drain the first crock to within 
one-half inch of the bottom and discard the 
rer ;;i!nder. This portion contains grit and other 
foreign bodies that will pass through the cloth 
if an attempt is made to strain it. Remove 
and discard the gauze. Place the dipper in a 
container of alcohol to prevent shellac from 
accumulating on it and hardening. Place a cover 
over the crock to keep it clean and to prevent 
the alcohol from evaporating. 

When filling individual shellac pots from 
the prepared supply, use the copper dipper. 
When finished^ place the dipper in the container 
of alcohol; do not leave it in the full crock 
of shellac. Always repluce the cover on the 
crock. If the shellac is found to be somewhat 
foggy or discolored, it may be CLEARED by 
the addition of a very small amount of oxalic 
acid crystals (1 teaspoonful for each 2 or 3 
quarts). If it is too thick, thin it by adding l 
small amount of alcohol and stirring until the 
proper consistency is attained. 

Although care is needed in the preparation 
of shellac, it is equally important that the 
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shellac be kept in suitable containers that will 
give it proper protection when it is iK)t being 
used. Many designs of shellac pots are made; 
however, the principal object, regardless of 
design, should be to keep the contents tightly 
covered and clean at all times. Sjiellac should 
be strained throu^ gauze or cheesecloth wlxen 
being poured into a shellac pot. 

Good shellac should be a light golden yellow 
or orange color and very transparent. ! -should 
be fairly thin (much thinner than paint) ant free 
of dirt or wood chips. 

Shellac prepared in this way is known com** 
mercially as ''orange shellac,'' but in the sh<^ 
it is commonly called "yellow shellac." Pig- 
ments can be added to the shellac to make it 
red or black for use in indicating certain details 
of the pattern. If pigments are added, the shellac 
must be thinned with alcohol to make it brush 
smtx^thly. 

Shellac brushes should be of good quality 
bristles. Brushes used are from 1 inch to 
2 1/2 inches wide, depending on the size of the 
work being done. The brushes in use should 
be suspended in the shellac but not left standing 
in the shellac pot. Standing will bend the bristles 
and eventually ruin the brush. Brushes not 
in use should be carefully washed out in alcohol 
and stored away from dust and dirt. 

Befoi^ you start to shellac a pattern^ Inspect 
the surf<^ce to make sure that all sanding has 
been completed and that all glue has been 
removed from the face of the pattern. Wood 
surfaces should be thoroughly sandpapered to a 
smoc^ finish and brushed or blown free of 
all dust before shellac is applied. Inspect the 
shellac pots to see if the shellac needs thinning 
or clearing. If the shellac contains any foreign 
matter, throw it out and refill the pois with 
clean shellac. 

The first coat of shellac applied to a pattern 
shcmld be the natural uncolored shellac. If black 
or red shellac is applied on the first coat, 
the solution tends to run along the grain of 
the wood in much the same manner that ink 
spreat's over the surface of a blotter, the lines 
of demarcation between the different colored 
shellacs will not be clear**cut« 

Dip the brush inU> the shellac and remove 
the surplus by drawing the bristles over the 
dowel crossbar at the top of the shellac pot. 
Apply the shellac to the job with long strokes 
of the brush aiKi with the brain whenever 
possible. Shellac dries quickly and must be 
applied rapidly. Shellac spreads more uniformly 
if a|)plied with the grain. Avoid overlai^ing 
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previous applications and brush the she)lac out 
to a smooth surface. Always pass the brush 
in an outward direction from the Job, or else 
the sharp edges will scrape shellac from the 
brush and create an accumulation that wVA 
drip or run down the edge of the work. 

Allow the shellacked job to dry for aoout 
one hour. Fill in all nail holes, screw hcles, 
etc. inspect the Job carefully to see if all the 
shellac is dry* The Job will feel rough due :x> a 
slight raising of the soft-^grain portion oi the 
wood surface. The soft wood cells absorb some 
of the alcohol in the shellac and swelU Also, 
a certain amount of dust particles from the 
surrounding atmosphere settles on the surface 
of the work* 

Sandpaper all shellacked surfaces* After all 
sanding operations have been completed, brush 
the joh off thoroughly with the bench brush. 
The Job is now ready to have its different 
parts shellacked according to their respective 
colors. First » shellac all parts of the Job that 
are to be yellow and allow them to dry* Next, 
shellac all parts that are to be black* Last, 
shellac the red parts* Where one color leaves 
off, be careful to make a neat, true line of 
demarcation* Ragged lines spoil the appearance 
of the work. Be careful not to slop the shellac 
on the job* Keep the work neat at all times* 
Do a thorough job when shellacking the pattern, 
especially if It is to be used with synthetic 
sands in the foundry* 

As many coats of shellac can be added as 
are desired; however, each coat should be 
allowed to dry thoroughly and be carefully sanded 
before the next coat is applied* Usually three 
coats of shellac are sufficient* After applying 
the final coat of shellac, allow it to dry 
thorou^ly* Then, tear a sheet of 4/0 sandpaper 
into four equal pieces* Dull one of the pieces* 
Very lightly rub each shellacked surface to 
x^emove any signs of rouj^ess* Brush the job 
off carefully with the bench brush* Rub all 
surfaces thorou^ly with a clean piece of waste 
or soft cloth* 

When shellacking hardwood patterns the 
shellac should be much thinijier than that used 
on redwood and pine* Hardwood does not absorb 
as much of the shellac as the softer woods 
absorb, so that the shellac has a tef^iency to 
pile up and produce an irr^lar, gummy 
surface. 



Lacquer and Synthetic 
Plastic Resin 

Although shellac for many years has been 
the accepted standard protective coating for 
patterns, lacquers and synthetic plastic resins 
have come into use recently* It is claimed that 
these new coatings are superior to shellac 
because they produce a surface that is smoother, 
harder* ^r»d more resistant to moisture* There 
is also less of a tendency for foumlry sand to 
stick to lacquer and plastic coatings* 

LACQUER is available in various colors and 
can be ai^Ued to the pattern by spraying, dipping, 
or brushing* Several thin coats are better than 
a single thick coat. If wax fillets have been 
used on a pattern, you must coat them witk 
shellac before applying the lacquer* 11 they 
are not coated, the wax will prevent the lacquer 
from hardening and will cause the sand to stick 
to the pattern* Lacquer solvents evaporate very 
q^ickly; and you must remember to add thinner 
from time to time* Most of the lacquer solvents 
are flammable and toxic, and appropriate safety 
precautions must be taken to prevent fire and 
to provide adequate ventilation* 

SYNTHETIC PLASTIC RESIN coatings are 
said to be ideal for wood patterns that are 
designed for prolonged and hard usage in the 
foundry* Patterns to be coated with plastics 
must be made from well^-seasoned lumber and 
must be sanded smooth* Wax fillets must not 
be used* A filler or undercoat of lacquer is 
desirable before aj^lylng the plastic* The 
desired coloring pigment is usually added to the 
lacquer filler coat* Sand the filler coat smooth 
and then apply the plastic resin* Follow th\^ 
manufacturer's instructions in mixing the plasti r 
resin, catalyst, and thinner* Each coat must 
be air<*dried and then baked in an oven at 
140"* F for 2 hours before applying the second 
coat* Two or three coats are usually applied* 
U well-seasoned lumber has been used in the 
construction of the pattern, the curing of the 
resin in the oven will have no harmful effects* 
Shellac must not be used as an undercoat be- 
cfimse it will blister under the heat required 
to cure the plastic resin coating* 

PATTERN COLOR CODES 

In order to designate certain parts of the 
pattern* the practice of painting the patterns 
various standardized colors have been adapted* 
The coloring of the various parts of the pattern 
prevents embarrassing and costly mistakes in 
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the foumlry; the Molder can tell at a glance 
what the molding routine should be« In addition^ 
the coloring is used as an aid in getting all 
of the pattern parts properly assembled. For 
example » one color may he used to represent 
that part of a pattern which» when ca6t» will 
be in the • ♦as-cast condition. Another color 
may be used to show other parts representing 
the core prints or orojection(s) for the openings 
of a hollow casting. 

Standard Pattern Color Code — 1982 

One method of standardizing the pattern color 
code has been prepared and adopted by the 
American Foundrymen^s Society (formerly the 
American Foundrymen^s Association). This color 
code has been approved and recommended for 
Navy use by the Naval Ships Systems Command. 
This color code known as the STANDARD 
PATTERN COLOR CODE — 1932 is illustrated 
In figure 7-52 and as follows: 

1. Black — identifies surfaces to be left un- 
finished. 

2. Red — identifies surfaces to be machined. 

3. Alternating red and yellow diagonal 
stripes — identifies seats of and for loose 
pieces. 

4. Yellow — identifies core prints and seats 
for loose core prints. 

5. Altematit^ black and yellow diagonal 
stripes— identifies stop-offs. 

6. (Optional) — A white line may be used for 
the indication of any change in the direction 
of draft. 

This pattern color code has been adopted as 
standard practice by the Joint Committee on 
Pattern Standardization^ which is sponsored by 
the American Foundrymen^s Society and consists 
of official representatives from various national 
organizations. This standard was approved as 
the American Tentative Standard B-45» 1—1932 
by the American Standards Association^ and as 
Commercial Standard CS i9-30 by the Bureau 
of Standards, U.S. Department of Commerce* 

Tentative Standard Pattern 
Color Code — 1958 

Another method of standardizing the color 
code is the TENTATIVE STANDARD PATTERN 
COLOR CODE which may be adopted for new 
patterns. All new patterns should be painted 



in accordance with the standard practice adopted 
as of 1958 by the Pattern Colors Comm'ttee» 
Pattern Division* American Foundrymen*s 
Society. This standard* illustrated in figure 7-53 
is as follows: 

1. Clear coating— identifies unfinished cast- 
ing surfaces* tiie faces of core boxes* and the 
pattern or core box parting faces. 

2. Red— identifies surfaces to be machined. 

3. Aluminum— identifies seats of and for 
loose pieces. 

4. Black— identifies core prints and seats 
for loose core prints. 

5. Green— identifies stop-offs. 

(Optional) — A white line may be used for 
the indication nf any change in the direction 
of draft. 

Molder^s Blueprint 

Places where cores will cut through to the 
exterior of the casting* as well as the core 
outline on the joints of parted patterns* are 
indicated by the same pattern color as are 
core prints. This is called the MOLDER'S 
BLUEPRINT end should be included as standard 
practice. Painting the parting surfaces in this 
manner will prevent the possibility of positioning 
core& end for end and will eliminate costly 
mistakes. 

METHODS OF CONSTRUCTING 
PATTERNS 

As a PM3 or PM2* you must be proficient 
in the use of handtools and power tools; how- 
ever* your real success will depend on your 
ability to utilize different methods of construction* 
Making a pattern that can be used as a tool 
by the Molder to produce a sound* usable 
casting* requires that you be familiar ulth all 
styles of construction. In addition* you must 
have the necessary knowledge of foundry work 
to construct a pattern so that there will be no 
w&Bte time in the foumiry* and so that the 
casting will be as nearly perfect as can be 
expected. The ability to construct the pattern 
develops with practice and e^^erience* as does 
skill in the use of tools. 

In pattern construction* careful consideration 
must be given to the direction of the grain in 
the wood In order to: 

1. Minimize end grain or short graim 

2. Obtain a pattern of maximum strength. 
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Figure 7-62.— Standard Color Code— 1932, 
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3^ Utilise the direction of grain to counter- 
act the warpage of adjacent pieces. 

4* Avoid cutting or planing against the grain 
during the actual construction* 

5. Provide a smoother draw from the rnold^ 

The actual construction of the pattern is 
determined by the number of castings to be 
made from it» or its proposed use* Some of 
the methods of pattern construction are: 

!• SOLID CONSTRUCTION (fig. 7-54)* — 
A pattern shaped from one piece of pattern 
material* 

2. ONE PIECE BUILT-UP CONSTRUCTION 
(fig. 7-55). — A pattern not necessarily made 
from one piece of wood. It can be a series of 
pieces formed to make a certain shape» but 
the pattern will be In one piece. 

3. PARTED CONSTRUCTION (fig. 7-56).— 
A pattern made in two or more parts. (Col- 
lapsible patterns fall under this category.) 

4. SEGMENTAL CONSTRUCTION (fig. 
7-57). — A pattern built up in a series of courses 
(segments) with the altematli^ end joints 
arranged midway between those of the preceding 
course. 

5. STAVED CONSTRUCTION (fig. 7-58).— 
The attaching of staves to polygonal headers 
in the building of cylindrical bodies. It is also 
used for semicircular cavities. 

6. LAGGED CONSTRUCTION (fig. 7-59).— 
The fastening of narrow strips about batten 
foundations so shaped as to follow a line parallel 
to the cnntour of the pattern* 

7. STEPPED- UP CONSTRUCTION (fig. 
7-60). — So called because the material, when 
fastened together, resembles steps. 
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Figure 7-54. — Solid construction. 
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Figure 7-56. — Parted construction. 
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Figure 7-67. — Segmental construction. 
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Figure 7-59. — Lagged construction. 
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Figure 7-60.— Stepped-up construction. 
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Figure 7-61. — Skeleton construction. 



8. SKELETON CONSTRUCTION (fig. 
7_61),_Is a framework representing the Interior 
and exterior shape and the metal thickness of 
the required casting. 

9. FAN CANT CONSTRUCTION (fig. 
7-62). — Form of stepped-up work with the grain 
of the wood radiating from a common center. 
Used in the construction of propellers when the 
diameter is less than 4 feet. 

10. CROSS CANT CONSTRUCTION. — Form 
of stepped-up work with the grain of the wood 
running in a transverse direction. Used in the 
construction of propellers when the diameter is 
more than 4 feet. 

The various construction methods and tech- 
niques for the different types and kinds of 
patterns are discussed in various sections 
throughout this training manual. 

CONSTRUCTING 
WOODEN FLASKS 

As a PM3 or PM2, you must be familiar 
with the design and methods for making pattern 
flaiSks for the foundry. 

A FLASK is a metal or wooden boxlike 
frame in which the mold for a casting is made. 
It may be rectangular, trapezoidal, or round 
in shape. Most molds require at least two flask 
sections so that the mold can be opened to remove 
the pattern. The upper section is called tlie 
COPE; the lower section is called the DRAG. 
In three-part flasks, the middle section between 
the cope and the drag is known as the CHEEK. 
Each flask section is made to fit perfectly with 
its mating section or sections lay the alignment 
of the flask pins with the flask pin holes. There 
are many flask designs available, but the 
siAndard flask sectton used by the Navy is the 
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Figure 7-62, — Fan 



interchangeable type. In other words, the 
individual flask sections can be used inter- 
changeably as either cope, drag, or cheek 
sections. Flasks may be used in either bench, 
machine, or floor molding procedures* Most 
comTiercial flasks are made of cast iron, 
aluminum, or pressed steel, and are equipped 
with two or more lifting handles for ease of 
manipulation in lifting off, rolling over, and 
closing the cope. For very large or special 
floor molds, the flask sections are usually 
fabricated out of plate steel stock bolted, riveted, 
or welded together. These very large flasks 
are equipped with one or two trunnions at each 
end for convenience in attaching a crane, hoist, 
or chain-fall. 

The flasks shown in figure 7-63 are typical 
of those available in Navy foundries. The flask 
in view A is the standard two«man» double-lug, 
interchangeable flask. This type is used almost 
exclusively by Navy Molders, A one-man, single- 
lug flask is shown in view B; a circular flask 
in view C; and a wooden snap flask in view D, 
The steel flasks shown in views A, B, and C 
are much alike in appearance and use; snap 
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flasks (view D) are a bit different and warrant 
additional discussion. 

SNAP FLASKS are wooden or metal boxlike 
frames made with hing^A at one corner and with 
latches at the opposite corner. Snap flasks are 
always made in sets: that is, the cope and drag 
sections are not interchangeable, and the cope 
depth is usually greater than that of the drag. 
After the mold is rammed, the latches are 
opened, the flask is spread apart, and is lifted 
off the mold. A wooden box or a liirhtweig^t 
mgtal SLIP-JACKET is slipped '>ver Che mold. 
Weights are placed on top of the cope. The 
slip-jackets keeps the mold from crumbling 
under the wei^t of molten metal and the pres- 
sui-e which develops as the castii^ is poured. 
The weights tend to act as clamps in holding 
the several parts of the mold together and in 
preventing metal run-out at the parting line. 
Snap flasks are used extensively in production 
foundries because they eliminate the need for a 
large number of small standard flasks. By 
using a snap flask and slip-Jackets, a Molder 
can ram up a large nuniber of molds with 
one flask. As the poured castings solidify, the 
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Figure 7-63. — Molding flasks. 




slip-jackets may be removed and slipped over 
the next line of molds to be poured. 

Because of limited shipboard stowage facil- 
ities only those flask sizes considered essential 
are available. However, from time to time a 
flask larger than the standard 30»' by 30" by 8" 
flask may be necessary. The Patternmaker will 
then be called upon to build the special flask for 
the particular molding job. In deciding upon the 
methods of construction, the Patternmaker will 
take into consideration the materials available; 
the size, shape, and weight of the casting; the 
kind of metal to be poured; the space allowance 
for the gating and rlserlng systems; the num^x 
of times the flask Is to be used; and the flask 
accessories required such as flask pins, bars, 
and lifting handles. 

The flask must be made strong enough to 
withstand the rou^ usage It will get In the 
foundry. Wooden flasks are made with dado or 
hous<.<3 l^'Ck joints and are often reinforced with 
metai supports and tie bars. Fir, yellow pine, 
white pine, or oak are the kinds of wood used 
In flask construction. Oak is usually used for 
extremely heavy castings. Yellow pine or fir 
is more frequently used In wooden flask con- 
struction because of its relatively low cost and 
great durability. (See fig. 7-64.) 

A wooden flask Is made with the sides 
extending beyond the two ends a distance of 
6 to 8 Inches. These extensions serve as handles 
for the Molder, In lifting off and closing the 
cope. For large flasks that are to be handled 
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Figure 7-64. — A wooden flask. 



by crane or hoist, two trunnions are fastened 
to the flask at opposite ends. The Patternmaker 
will also aid the Molder by constructing such 
accessories as molding boards, bottom boards, 
wedges, riser heads, and flask bars necessary 
for the specific molding Job for which the flask 
is to be used. 

JIGS 

In building patttrns, there will be many 
occasions when you will have to call upon your 
own experience and ingenuity to devise and 
construct a means of holding a particular odd 
or circular shaped pattern member In order to 
cut or shape It, scribe lines on lt» or position 
one pattern member to another. The means that 
you devise Is called a JIG. 

A Jig, as used In patternmaklng, could toe 
described as any device used to mechanically 
maintain the correct position between one piece 
of work to another or a piece of work and a 
tool. 



When constructing a Jig, the points to consider 



are: 



1. The Jig must hold the pattern member In 
such a way that the member cannot shift or 
change position. 
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2. The jig mu8t not damage the pattern 
member* 

3« The Jig must be made accurately so that 
the desired precision can be attained. 
4« The jig must be safe to use« 

Figures 7-65 and 7-66 illustrate two types 
of jigs* 

The jig template is a combination template 
and jig* Any Jig that has the outline of a cut to 
be made scribed on its surface or supports a 
separate template is called a jig template* 

Figure 7-67 illustrates one type of jig 
template* 




Figure 7*65. — Shaping the worm gear thread by 
using a jig and bandsaw« 
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Figure 7-66, ~ Using a ball--shaped jig and band-- 
saw to shape bevel gear teeth. 



PATTERNS FROM OLD 
CASTINGS 



There may be emergencies when time will 
not permit the making of a new pattern. On 
such occasions, the old casting may be used as 
the pattern* Additional material must be added 
to the old casting to allow for the shrinkage of 
the metal in order that the new casting will 
not be too smalU Plastic Ic^^ng material is 
supplied in sheets for this purpose, (See fig* 
7-68.) 

Before applying the lagging material^ the 
surface of the old casting is cleaned and 
smoothed. Then^ the sheet lagging material is 
cut into pieces and immersed in a solvent known 
as methyl**ethly«ketone* As soon as these pieces 
become very pliable and sticky^ they are applied 
to the casting. They will shape very easily, 
even on the irregular surfaces » with pressure 
from the fingers. 
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Figure 7-67.— Jig template and sanding roller 
for shaping gear teeth. 

When the ketone has evaporated, the lagging 
material will adhere firmly to the casting. The 
lagging material shrinks in thickness after dip» 
ping and drying. If a greater thickness is desired 
on a surface, additional layers of lagging 
material may be applied to the original layer. 
When dry, the outer surface of the lagging 
material is relatively hard and may he sanded 
and lacquered to a smooth surface. 
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Figure 7-68. — Application of plastic lagging 
material. 



CAUTION: Methyl - ethyl - ketone is highly 
flammable, volatile, and toxic. Use it In a well 
ventilated area. Avoid prolonged or repeated 
contact with skin and avoid breatliing the vapors. 
Be sure to take the proper precautions to 
eliminate the hazards of fire and explosion. 

In addition to applying plastic lagging material 
to the old casting to compensate for the shrinkage 
of the metal, the old casting must be prepared 
as follcvvs: 

1. All surfaces are to be clean and smooth 
so that they will draw from the sand. 

2. Small holes such as tapped and drilled 
holes are to be filled. 

3. Missing parts or surfaces are to be built 
In. 

4. Machined surfaces are to be built up. 

5. Core prints (If necessary) are to be added 
and core boxes provided. 
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Mathematics is as important to you as a 
Patternmaker as are manual skills and good 
tools* It is a universal language that enables 
you to understand measurements and values 
written tyy a foreign speaking designer as well 
as those written by an English speaking designer. 

As a PM^ you will constantly be working with 
fractional measurements, calculating quantities 
of materials, and developing geometric outlines 
Just to mention a few of the applications for 
mathematics that you will encounter. 

This chapter is not meant to be a complete 
text in shop mathematics. Instead, it is a review 
of the basic mathematical knowledge you will 
need as a PM3 or PM2 and a guide to some of 
the applications of that knowledge. 

Tables of weights, measures, and equivalents 
are useful references when solving many of the 
mathematical problems you will encounter as a 
Patternmaker, Tables 8-«»l, 8**2, 8-^3, and 8-4 
are referenced at appropriate points within this 
chapter; other tables (Tables 8-5 through 8-9) 
with which you should be familiar are located at 
the end of this chapter. 

If you desire further study of mathematics, 
you can obtain the following manuals through 
your Information and Education Office: 

Mathematics Vol, 1, NAVPERS 10069-C 
Mathematics VoU 2, NAVPERS 10071-B 
Mathematics VoU 3, NAVPERS 10073-A 
Engineering Aid Programmed Mathematics, 

Part 1, NAVPERS 94469-1 
Engineering Aid Programmed Mathematics, 

Part 2, NAVPERS 94469-2 
Engineering Aid Applied Mathematics Work- 
book, NAVPERS 94470 
General Mathematics for Construction 

Ratings, NAVPERS 94415 
PREP«*TEXT Mathematics Series, Volumes 
1 through 8, NAVPERS 93492-1 through 
93492-8, 



FUNDAMENTALS 
OF MATHEMATICS 

A broad definition of the term Mathematics 
is; that science which deals with the relationships 
which exist between quantities and operations, 
and with methods by which these relationships 
can be applied to determine unknown quantities 
from given or measured data. The fundamentals 
of mathematics remain the same no matter to 
Mfeich field they are applied. Mathematics has 
b3en divided into a number of different branches. 
You will be principally concerned with four of 
these branches; ARITHMETIC, ALGEBRA, 
GEOMETRY, and TRIGONOMETRY, 

Arithmetic is that branch of mathematics 
which deals with the simple computation of 
real numbers by using addition, subtraction, 
multiplication, and division^ 

Algebra is a branch of mathematics in which 
letters and symbols are used in place of numbers 
or values to construct equations in accordance 
with established mathematical rules. 

Geometry is that branch of mathematics 
^ich investigates the relations, properties, and 
measurement of solids, surfaces, lines, angles, 
graphs, etc. 

Trigonometry is the study of the properties 
of triangles and of trigonometric functions and 
their applications, 

COMMON FRACTIONS 

Common fractions are used extensively in 
patternmaking as most of your measuring devices, 
such as the standard rule and the shrink rule, 
are divided into common fractional increments, 
i*e„ l/2»», l/4'\ l/8'\ etc. 

The common fraction can be defined as a 
simple method of dividing a whole number or 
object into any number of equal parts such as 
dividing one inch into four equal parts or dividing 
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a line into four equal parts. These equal parts 
would then be defined as increments of one 
fourth and we would •; »ow that four Increments 
woulii equal the whole number or object. Any 
part less than the whole would be written as 
a common fraction such as l/4" or 3/4". It 
can also be said that a fraction is an indication 
of division. 

The common fraction contains two parts; 
the DENOMINATOR and the NUMERATOR. The 
denominator shows Into how many equal parts 
the whole is divided and the numerator shows 
the number of these equal parts that are being 
considered. 

Example: J. Numerator 
8 Denominator 

Some common fractions have EQUIVALENT 
fractions. Equivalent fractions are fractions that 
are equal iu value. 

Example: 4/8 = 2/4 « l/2 

When a fraction has been changed to an 
equivalent fraction with smaller numbers In the 
numerator and denominator, it has been reduced 
to lower terms. 

To reduce 2/8 to its lowest terms, divide 
both the numerator and the denominator by 2 
which Is the Urgest COMMON DIVISOR to both 
the denominator and the numerator. When a 
fraction cannot be reduced any further. It has 
been reduced to Its lowest terms. 

Example: A 4^ A * X 
8 2 4 

To raise a fraction to higher terms, simply 
multiply both the denominator and the numerator 
by the same number. 

To add fractions with the same denominator, 
add the numerators but leave the denonjinator 
the same* W 

Example: 3/8 + l/8 + l/8 = 5/8 

To add fractions that have different denomi- 
nators, change the fractions to equivalent 
fractions having the same denominator and then 
add the numerators and place the sum over the 
denominator. 

Example: 1/4 + 5/l6 = ? 

1/4 « 4/16 therefore 
4/16 + 5/16 " 9/16 



In addition, as well as subtraction, having a 
COMMON DENOMINATOR is an essential factor. 
A common denominator of several fractions IS 
any number that can be exactly divided by their 
denominators. You should always use the smallest 
possible number for the denominator. This Is 
called the LEAST COMMON DENOMINATOR. 

To find the least common denominator, take 
the largest de«^n><nator and proceed in multiples 
of that denominator until you find the smallest 
number that io divisible by the smaller denomi- 
nators. Therefore, the least common denominator 
for 2, 4, and 10 would be 20. 

To subtract fractions having different denomi- 
nators, change the fractions to equivalent 
fractions having a common denominator and then 
subtract the numerators and place the difference 
over the common denominator. 

Example: 3/4 - 3/16 « ? 

3/4 » 12/16 therefore, 
12/16 - 8/16 » 9/16 

A fraction In which the numerator Is equal to 
or larger than the denominator Is an IMPROPER 
FRACTION. Examples of Improper fractions are 
21/6, 8/8, and 6/4. 

A number that is made up of a whole number 
and a PROPER FRACTION (a fraction where 
the numerator Is always less than the denomi- 
nator) is called a MIXED NUMBER. Examples 
of mixed numbers are 1 3/4, 2 1/2, and 8 3/16. 

In order to change an Improper fraction to 
a mixed number or a whole number, divide the 
numerator by the denominator and wrfte the 
whole number that results. If there Is a 
remainder, put It over the denominator and 
write the resulting proper fraction next to the 
whole number. 

Example: 25/6 » 4 1/6 or 
26 A by 6 « 4 1/6 

To change a mixed number to an improper 
fraction, change the whole number to an equiva- 
lent fraction and then add the equivalent fraction 
to the fraction in the mixed number. 

Example: 3 5/8 « ?/8 

3x8«24-f6*29 therefore, 
3 5/8 » 29/8 
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To multiply fractions » place the product of 
the numerators over the produc he denomi- 
nators and reduce the resulting it votions to its 
lowest terms. 

Example: 2/3 x 3/4 « ? 
2 X 3 « J. 

3x4= therefore » 

12 

2/3x3/4 = 6/12 or 1/2 

In order to multiply a proper or an improper 
fraction by a whole number^ multiply the numer- 
ator of the fraction by the whole number and 
place the product over tiie denominator. 

Example: 11 x 7/8 « ? 

11 X 7 « 77 therefore^ 
11 X 7/8 = 77/8 or 9 5/8 

To multiply a mixed number by a whole 
number, either change the mixed number to an 
Improper fraction and multiply by the whole 
number or consider the mixed number as the 
sum of a whole number and a proper fraction 
and multiply each part by the whole number, 
then add the products. 

Example: 1 7/8 x 3 « ? 

15/8 X 3 =^ 45/8 or 5 5/8 

DECIMAL FRACTIONS 

The decimal fraction is just as important 
to you as a Patternmaker, as are common 
fractions, as most blueprints are dimeu6kaed 
in decimal fractious. 

A decimal fraction is a fraction vAose denomi- 
nator is 10 or some power of 10 such as lOO, 
1,000, or 10,000. Thus, 7/l0, 12/100, and 
125/1,000 can be written as decimal fractions. 

Decimal fractions use the decimal point to 
taKe tne place of the denominator of the common 
fraction. 

Example: 7/10 « .7 
and 
12/100 « .12 

In a decimal fraction, the number of digits 
after the decimal point indicates the number of 
zeros in the denominator of the equivalent common 
fraction. 

Example: .7 (one digit) - 7 tenths or 7/10 
.19 (two digits) * 19 hundredths or 
19/100 

.005 (three digits) = 5 thousandths 

or 5/1000 



In order to add decimal fractions, the only 
rule to remember is that the decimal points 
m ist be in line. Otherwise, they are added as in 
columns as in any other simple addition problem. * 

Example: 105.1256 + 7.15 + 12.625 = 
124.9006 or, 

105.1256 
7.15 
12.625 
124.9006 

When subtracting decimal fractions, the same 
rule applies. 

Example: 4*83 - 2.75 » 2,08 or, 

4.83 
-2.75 
2.08 

When multiplying decimal fractions » write 
the numbers as in multiplying whole numbers* 
It is not necessary to have the decimal points 
in line. 

The total number of places in the product 
mast be equal to the number of decimal places 
in the multiplicand plub the multiplier. 

Example: Multiplicand 39.744 

Multiplier ^5^ 

Product 19.8720 

When dividing by whole numbers, the quotient 
must contain as many decimal places as the 
decimal fraction that was divided (dividend)* 

.0031 Quotient 
Example: Divisor 62^ .1922 Dividend 

186 
62 

VlOien dividing by decimal fractions, the divisor 
must be converted to a whole number. This is 
donft by moving the decimal point to the right* 
You must also move the decimal point in the 
dividend the same number of digits* 

Example: .35) .1922 would be changed to 

35. ) 19.22 and 



.279 ) 680.588 would be changed to 
279. ; 68058!oO 
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Always carry your division computations out 
one more digit than you need and then round off 
the result. If the last number is 5 or more, add 
1 to the preceding number. If the last number is 
less than 5, leave Uic preceding num>)er 
unchanged. 

To explain further, let's suppose that you 
require an answer in thousandths (.000). In order 
to ro»»nrt ufr io thousandths, you will carry your 
division out to ten thousandths (.0000) and then 
round off as explained in the preceding paragraph. 

Example: 5 or more 

.7857 rounded off to the nearest 
thousandth would be .786. 

Less than 5 

.7853 rounded off to the nearest 
thousandth would be .785. 

^^'hen converting a decimal fraction to a 
comTion fraction, simply write the decimal 
fraction as a common fraction (.75 = 75/100) 
and reduce the resulting common fraction to its 
lowest terms which in this case would be 3/4. 

Common fractions can be converted to decimal 
fractions by dividing the denominator into the 
numerator. 

.3125 or 

Example: _5 Numerator equals IB) 5.0000 
16 Denominator 

_5 = .3125 
16 

PERCENTAGE 

Percentage can be defined as the expression 
of numbers in terms nf htmdredths. The sign 
used to indicate percentage is % and is called 
the PERCENT sign. There are three terms 
applied to percentage problems: BASE, RATE, 
and PERCENTAGE. The number upon which the 
percent is calculated is the BASE, the amount 
of the percent is the RATE, and the result of 
the calculations made with the base and rate is 
called the PERCENTAGE. For example, 2% of 
$125.00 equals $2.50. The rate of 2%, $125.00 
is the base, and $2.50 is the percentage. 

Percentage is calculated as a decimal fraction. 
Therefore, the rate must be converted to a 
decimal fraction. For example, 2% and 25% 
would be converted to .02 and .25 respectively. 
A rate of 100% would be written as 1.00, 225% 
as 2*25, etc. 



In order to find percentage, convert the rate 
to hundredths and multiply the base by the rate. 

Example: 8% of $240.00 = $19.20 or 

$240.00 (base) 
.08 (rate) 
$19.20 (percentage) 

Example: 125% of $16.55 = $20.69 or 

$16.55 

$20.6875 rounded off to $20.69 

In order to find the base when the percentage 
is known, divide the percentage by the rate. 
Thus, if 4% yielded a return of $4.00, how much 
money was originally invested? 

base 

(rate) 4% } $4.00 (percentage) or 

100.00 (base) 
.04 ) $4.00 = 4 ) 400.00 therefore, 

base equals $100.00 

To find the rate when the toase and the per- 
centage are known, you must divide the base into 
the percentage. Thus, if $100.00 yielded a return 
of $4.00, what was the rate of return? 

rate 

(t)ase) $100.00 ) $4.00 (percentage) or 

.04 (rate) 
10000. ) 400.00 therefore, 

rate = 4% 

A mathematical definition of the term 
"equation" must be understood in order to 
progress, without confusion, into mo**e complex 
mathematics. 

The term, equation, comes from another 
term, equate, which means; to make equal. 
Therefore, we can say that an equation is a 
mathematic comparison of equal values. The 
formula for finding the circumference of a circle 
is an equation witii letters and a symbol substi- 
tuted for numbers which states that C (circumfer- 
ence) equals ^ (Pi or 3.1416) times D (diameter) 
or, C » ffD. 

This formula tells us that if we were lo 
multiply the constant by a known diameter (D), 
the product of our maltiplication would equal the 
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Circumference (C) of that particular circle. 
Therefore, C is an equal value to 7rD* 

Another way to look at an equation would 
be to compare it to a simple balance scale such 
as the one in view A of figure 8-1. 

The fulcrum (balance point) of the scale is 
the same as the equal sign of an equation. Now, 
if we add the value "C" to one side of the scale, 
as in view B of figure 8-1, our scale is out of 
balance. In order to balance the scale, we must 
add the equal value of D as in view C of figure 
8-1. 

Notice, that in order to balance the scale, 
we had to add equal values to both sides* If we 
were to subtract from either side, our scale 
would, again, be out of balance. Therefore, we 
would have to subtract an equal value from the 
opposite side in order to re-balance the scale. 
The point of this is, that if anything is done lo 
one side of an equation, it must also be done to 
the other side in order to keep the equation in 
balance. 

POWERS AND ROOTS 

The power of a value, which can be a number 
or a letter symbol, indicates a process of 
multiplicc tion and is always identified by a 
num^r, in small print, placed at the- u^^oer 
right of the BASE num'jer or letter syni^^l. 

Example: 3^ 
R^ 

The number in small prinv is called an 
EXPONENT which tells you how many times the 
base value is to be multiplied by itself* 

Example: 3* = 3 X 3 X 3 , 
3' « 9 X 3 
3^ ^ 27 

T^e exponent^ is called the SQUARE and the 
exponent* is called the CUBE. We could say 




ABC 
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Figure 8-1. — Balancing an equation. 



three cubed or the cube of three and it would 
be understood that the base number three is to 
be taken to the third power (3) as in the above 
example. 

The process of determining ROOT is the 
inverse of raising a base number to a power 
and is indicated hy a symbol called the RADICAL 
SIGN. The number contained in the radical sign 
is the RADICAND and the number in small 
print situated to the upper left of the radical 
sign is called the INDEX^ 

Example: t/ 27 

radical sign =V 
radicand = 27 
index =i ^ 

In the example above, you are looking for 
tiie cube root of the radicand 27, in otlxer words, 
the base number that can be multiplied by itself 
three times and equal the radicand* In this case, 
the base number is 3 or you could say that, the 
cube root of 27 is 3* 

If the index number is ®, then you would 
solve for the base number that can be multiplied 
by itself five times and equal the radicand* 

s. 

Example: y 8125 « 5 or Inversely 

6* (6 X 5 X 5 x 5 X 6) ^ 3126 

If no index number is present, then it is 
understood that you must solve for SQUARE 
ROOT; the base number that can be multiplied 
by itself to equal the radicand* 

Example: = 3 or inversely 
3" (3 X 3) « 9 

The steps of procedure for EXTRACTING 
(solving) square root are: 

1. Start at the decimal point and, working 
in both directions^ separate the number into 
two digit groups. 

Example: VlS^ 

V^r4826. 

If, on either side of the decimal point, there 
is an odd number of digits, add a zero at either 
end of the number. 

Example: V 71243»69S w ould become 
V071248.696a 
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2, Place the decimal point in the quotient 
directly above the decimal point in the radicand. 



Example: •V184&. 

3. Find the largest number whose square is 
equal to or less than the first group of digits. 
This number is the first digit of the quotient. 
Write this number above the first digit group. 

7. 



Example: 'V54.6121, 

4. Write the square of tl ^ number under 
the first digit group. 



Examrile: 



7. 

"V ^.6121 



5. Subtract the square of the number from 
the first digit group and bring down the next 
digit group. 



Example: 



7. 

49 
561 



6. Double the first digit of the quotient and 
write the sum just to the left of the results of 
step 5. This number is called the TRIAL DIVISOK. 



Example: 



7. 

49 
14 1 561 



7, Determine how many times the trial 
divisor will divide into all but the last digit of 
the remainder and write this number in the 
quotient above the second group of digits and also 
to the right of the trial divisor. 



Example: 



7 3 

49 
14ST561 



8. Multiply the new trial divisor by the last 
digit of the quotient a43 x 3) and subtract the 
product from the remainder. Bring down the next 
pair of digits. 



NOTE: 14 will divide into 56 exactly 4 
times. However, if 4 were added to the 
trial divisor, makit^ the trial divisor 144 » 
the product of 144 x 4 would be 1 irgcr 
than the remainder. 



Example: 



7 3 

49 
1431 561 
'429 



13221 



9. Double the first two digits of the quotient 
to obtain a new trial divisor and write this 
number to the left of the remainder. 



Example: 



7 3 



49 



143 



146 



561 
429 
13221 



10. Determine how many times the new trial 
divisor will divide into all but the last digit of 
the remainder and write this number in the 
quotient above the Oiird group of digits and 
also to the right of the trial divisor. 



7. 3 9 

Example: 



49 



143 



1469 



561 
429 
13221 



11. Multiply the trial divisor by the last 
digit of the quotient and subtract the product 
from the remainder. 



Example: 



7. 3 9 
V 54.61 21 



49 



143 
1469 



661 
429 
13221 
13221 



12, Prove the problem by multiplying 7,39 
by itself. 

RATIO AND PROPORTION 

Ratio and proportion is a form of mathematics 
wherel^ many problems may be solved more 
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quickly and also minimize the chances of error 
over the step-by-step methofl of arithmetic. 

A RATIO can be defined as ''the relationship 
or comparison of two like quantities, the quotient 
of the first num*jer divided by the second/^ 

If a destroyer has a top speed of 30 knots and 
a cargo ship has a top speed of 15 knots, then 
we can say that the destroyer can travel at a 
speed 2 times the top speed of the cargo ship 
or a ratio of 2 to I. 

The comparison of the speed of the DD to 
that of the AK was made by dividing one rumber 
into the other, in this case 15 knots into 30 knots. 
This comparsion, made by division, is called a 
ratio, 

A ratio is normally written as a common 
fraction. The ratio of the DD (SO knots) to that 
of the AK (15 knots) would be written as 30 knots 

15 knots 

or more correctly, 30 : 15. The symbol 
denotes ratio. 

Comparison by means of a ratio is limited 
to quantities of the same kind. For example, in 
order to express the ratio between 6 ft. and 
3 yards., both quantities must be written in 
terms of the same unit. Thus, the proper forms 
of this ratio would be either 2 yds. : 3 yds. 
or 6 ft. : 9 ft. Mathematically, like terms cancel 
each other so the yd. or ft. would cancel each 
other out and the resulting '^atlo would read 
2:3 or 6:9. 

An INVERSE RATIO is the reciprocal of the 
original ratio. Therefore, the inverse ratio of 
2:3 would be 3:2. 

The scale of scale drawings is a practical 
application of ratio. 

The scale of a drawing Is the ratio between 
the length of any line on the drawing and the 
actual length of the full sized object. 

If the scale of a drawing was 1:16, and a 
dimension on the full size object was 48'\ you 
would find the length of the line on the drawing 
by multiplying the actual lengtti by l/l6. Thus, 
l/l6 X 48 = 3. Therefore, the line on the drawing 
would be 3*^ long. 

Inversely, if the actual length of a full sized 
object was unknown, it could be determined by 
multiplying the scaled down size (8'») by the 
determined ratio (1:16). Thus, 3 x 16 « 48. 
Therefore, the actual length of the line on the 
full sized object is 48»\ 

If the scale of a drawing is Inches to feet, 
(l** equals 2») then the ratio would be converted 
to Inches, in this case 1:24. 



Closely allied with the study of ratio is the 
subject of PROPORTION. The term, proportion, 
can be defined as "a relation of equality." 

Mathematically, a proportion is nothing more 
than an equation of two ratios which are equal 
to each other. Proportion can be written in three 
different ways as in the following examples: 

15:20::3:4 
15:20 = 3:4 

20 ^ 4 

It is evident from the last example that a 
proportion is nothing more than an equation of 
common fractions. 

The value of proportion is that if any three 
of the terms are given, the fourth or unknown 
term may be found by solving a simple problem 
of common fractions. 

Certain names have been given to the terms 
of the two ratios that make up a proportion. In 
a proportion such as 15:20 :: 3:4,thefirst and the 
last terms (the outside terms) are called the 
EXTREMES. In this case, 15 and 4 would be 
the extremes. If the proportion is written as a 
fraction, then the numerator of the first fraction 
and the denominator of the second fraction are 
the extremes, 

extreme 15 ^ 8 

20 4 extreme 

The two remaining terms are called the MEANS. 

A missing term Is usually Identified by an 
alphabetical letter such as the letter ••X". 

If a term is missing, it is an easy task to 
find the value of that missing term. Simply 
multiply the two known terms that are alike 
(extremes or means) and divide the product 
by the remaining term. 

Example: 2:X :: 3:15 

X = unknown value 
2 X 15 ^ 3 = 10 
Therefore, X - 10 or 
2:10 :: 3:l5 

Since the extremes (2 and 15) are alike (both are 
extremes), they must be multiplied. The product 
of this multiplication must then be divided by the 
one known means (3) which results in a quotient 
of 10. Therefore, the unknown means (X) equals 
10 which is the value needed to complete the 
proportion. 
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If both oi the means were known and only ouc 
extreme known, then you would multiply the 
two means and divide by the known extreme. 

Example: K:30 :: 1 5:90 

K = unknown value 

30 X 15 - 90 = 5 therefore, 

K = 5 or 

5:30 :: 15:90 

It must be remembered that in order to have 
a true proportion, both ratios mast reduce to an 
identical lowest term. 



Example: _5 = li=l. = jLor 
30 90 6 6 

6 6 

One of the most common types of problems 
based on proportions involves triangles with 
proportional sides. Suppose that the correspond- 
ing sides of iwo triangles are known to be 
proportional as in figure 8-2. The side lengths 
of triangle "A" are 8", 9", and 11". The only 
known length of triangle "B'* is 10»» which 
corresponds to the 8" side of triangle "A". 
The lengths of side b and side c of triangle "B' 
are unknown but since both triangles are the 
same kind (corresponding), these lengths can 
be determined by forming proportions as follows: 

8:10 :: 9:b or J.. 9. 

10" b 

9 xlO = 11 1/4 thus b = 11 1/4" 
8 

Now we have two known sides to triangle "B". 
Therefore, we can form s proportion using 
either 8:10 or 3:11 l/4 in order to find the length 
of side c. 

8:10 :: ll:c equals 10 X ll = 13 3/4 thus 

8 

c = 13 3/4" or we can say that 

9:11 1/4 :: ll:c equals 11 l/4 X 11 = l3 3/4 



thus 

0 » 18 3/4" 




to 
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Triangles with opposite sides 
proportional. 



The following problem can also be solved by 
using proportion. 

If a casting weighing 126 lbs. contains 12 IDs. 
of zinc, how much zinc would a 3l2 lb. 
casting of the same alloy contain? 

#1 casting weight 126 _ J2 zinc weight ^1 
a2 casting weight 312 W zinc weight *: 

^^^?^}^ - = 29.71 therefore, 

126 

W = 29.71 lbs. or we could say that the 
casting weighing 31 2 lbs. contains 29.71 lbs. 
of zinc* 



GEOMETRIC CONSTRUCTION 

Patt-srns are geometric shapes which conform 
to a draftsman's plan (blueprint) plus any additions 
necessary for casting such draft, shrinkage 
allowances, and machine finish allowance. 

AS a Patternmaker, you will be constantly 
solving graphic problems (problems of geometric 
construction). You must learn to lay out clean, 
accurate lines to make the layout for the pattern 
and to outline the pattern Itself In order to shape 
it to the desired configuration. 

There are several geometric methods of 
solving many of the graphic problems you will 
encounter. Some are more accurate than others, 
however, you should know all of the different 
methods in order to choose the best way to 
solve a particular problem for a specific ap- 
plication. 
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Most graphic problems can be solved by 
trial and error or by measuring with a scale. 
Neither of these methods is accurate and must 
not be used in patternmaking. T*^erefore, because 
of its importance with respect to accuracy, 
only the geometric method of construction, as 
related to the basic rules and to other graphic 
solutions, is described In this manual. 

In order to effectively study this area of 
information, you must have a pencil divider, 
12»' scale, flexible straight edge, 30^ - eo*" 
triangle, and a ''T'' square. 

Definitions of some geometric terms used in 
the following information are listed below. 

Angle — A figure formed by two non^parallel 
lines converging ut a common point. 

Apex— The highest point of a triangle. 

Arc — A continuous portion of a circle or curve. 

Bisect — Dividing into two equal parts. 

Circumference — A continuous line enclosing the 
area of a circle, eUlpse, or closed curve. 

Curve — Any line deviating from perfectly straight 
that contains no straight angles. 

Diameter— A straight line extending from a point 
on the circumference, passing through the 
center, to the opposite point on the circum- 
ference of a circle. 

Hypotenuse— the side of a right triai^le that is 
opposite the right angle. 

Intersect— To meet and cross at a point. 

Parallel— Extending in the same direction while 
maintaining an equal distance at all points. 

Perpendicular— Being at right angles (90^ from 
a line or plane. 

Plane— A perfectly flat or level surface hav Ing 
two dimensions. 

Point— A narrowly localized place having no 
dimensions. 

Polygon— Any figure having three or more sides 

of equal or unequal length enclosing 360^ 
Radius — A straight line extending from the center 

of a circle to the circumference of that 

circle (1/2 diameter). 
Tangent — A curved or straight line which touches 

but does not cross another curved or straight 

line at a point other than Its ends. 
Vertex— The point of intersection of two lines 

forming an angle. 

TO BISECT A LINE: 

1. Use your dividers and adjust them with 
a spread that is visually greater than one-half 
the length of the line. 



2. Insert the point of the dividers at one 
end of the line, and draw an arc, as shown in 
• ew A of figure 8-3. 

3. Insert the point at the other end of the 
line, and with the same adjustment, draw an 
arc from that end. Intersecting the first arc 
(view B of fig. 8-3). 

4. Draw a straight line conmectlng the two 
intersection points of the arcs to bisect the 
line (view C of fig. 8-3). 



TO BISECT AN ARC, follow the same steps 
as were given for blsectlr^ a line, using the 
ends of the arc as centers for the arcswiilch 
intersect. (See fig. 8-4.) 



TO BISECT AN ANGLE: 

1. Use the point of the angle as the center 
for the point of the dividers, and draw arcs 
cutting the legs of the angle (view A of fig* 8-5). 




A B C 
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Figure 8-3. — Bisecting a line. 
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Figure 8-4.— Bisecting an arc. 
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B 



Figure 8-5. — Bisecting an angle. 



23.226 



2. Use the points where the arcs cut the legs 
as centers for arcs which Intersect each other 
Inside the angle, as shown In view B of figure 
8-5» 

3. Connect the Intersection point of these 
arcs with the point of the angle to bisect the 
angle (view C of fig. 8-5). 

WHEN COPYING OR TRANSFERRING AN 
ANGLE, there is a simple geometrical method 
of constructing angles which you should know. In 
figure 8-6, the angle AOS is to be copied on the 
baseline B'O'. 

1. Use the dividers to measure the length 
of side AO Jxy Inserting the point at O and 
adjusting the leg to fall on A. 

2. Draw an arc Intersecting both legs of the 
angle. (See view A of fig. 8-6.) 

3. With the dividers adjusted to the same 
radius, place the point at O* and draw an arc, 
as shown In view B of flgui'e 8-6. 

4. Use the dividers to measure between the 
legs of the angle In the same way, and draw 
an arc from line 0*B' using this measurement, 
as shown In view C of figure 8-6. 

5. Connect the intersection point of the two 
arcs to point O' to draw leg A'O' of angle 
A»0'B» (view D of fig. 8-6). 

WHEN DIVIDING A LINE INTO EQUAL 
PARTS, a line may be divided Into any number of 
equal parts. As an illustration of the geometrical 
method, line AB In figure 8-7 Is divided Into 
five equal parts: 

1. First a line is drawn at an angle from 
one end of the line AB, as shown in view A of 
figure 8-7, 
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Figure 8-6. — Copying an angle. 
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Figure 8-7.— Dividing a line geotaetrlcaUy. 

2. On this line, five equal points are stepped 
off with a divider or any other measuring device 
(view B of fig. 8-7). 

8. A line is drawn from the last of the 
8tepped-off points to the end of Une AB, This 
line is shown as AC in view C of figure 8-7, 

4, Now from each of the other stepped-off 
points, draw lines parallel with line AC, (See 
view D of fig, 8-7,) 
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WHEN DRAWING A CIRCLE OR AN ARC 
THROUGH THREE GIVEN POINTS, such as 
points A, B, and C in figure 8-8. 

1. Draw lines between the points and bisect 
these lines, as shown in view A of figure 8-8. 

2. The point where the bisecting lines inter- 
sect each other is the center, O, of the circle. 
Place the point of the dividers at this center, 
and adjust the dividers until the opposite leg 
falls on one of the three given points. 

3. Draw the circle, as shown in view B of 
figure 8-8, and, if your layout work has been 
accurate, the arc of the circle will pass throug^i 
all three points. 



TO DRAW A PERPENDICULAR FROM THE 
END OF A LINE: 

1. Establish any point such as C, shown in 
figure 8-9, above the baseline, AY. 

2. With the dividers set at a radius of CA, 
draw an arc as Illustrated. The point where ttie 
arc intersects line AT is point B. 

3. Through B and C draw a line cutting the 
arc. Label this point D. 

4. Then draw DA, which will be perpendicular 
to AY. 



TO DRAW A PERPENDICULAR TO A GIVEN 
LINE FROM A GIVEN POINT: 

1. From a given point A above the given 
line, XY, as shown in figure 8-10, establish any 
two points on line XY, such as C and B. at 
does not matter whether C and B are on o^josite 
sides of A, or are both on the same side of A.) 

2. With B as a center, and with a radius 
of BA, draw arcs above and below line XY. 

3. With C as a center, and a radius of CA, 
draw arcs Intersecting the arcs made in step 2. 

4. Draw a line DA, throu^ the Intersecting 
arcs, the line DA will be perpendicular to line 
XY. 



BLENDING ARCS AND TANGENTS 

Laying oi.it circles, or arcs, and straight 
lines tangent to them is difficult because there 
is an element of optical illusion involved. It 
Is easier to draw a straight line to a curved 
one than it Is to draw a curved line to a straight 
one. Therefore, on pattern layouts, major circles 
or arcs are drawn first. 




A B 
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Figure 8-8.— Drawing a circle through three 
given points. 
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Figure 8-9.— Drawing a perpendicular from the 
end of the line. 



H 
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Figure 8-10.— Drawing a perpendicular to a 
given line from a given point 
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Even when a Patternmaker draws a straight 
line to a curve, an optical iUxision may cause 
him to fall to blend the curve and the line 
perfectly. 

In this section, a few simple methods are 
discussed which will help you to blend lines 
and arcs. 

TO USE THE DRAFTSMAN'S METHOD OF 
DRAWING A TANGENT TO A CIRCLE AT A 
GIVEN POINT: 

1. Place a triangle against a straightedge 
as shown in view A of figure 8-11. The hypotenuse 
of the triangle should pass through the center of 
the circle and the point where the line Is to be 
tangent to the circle. 

2. Hold the straightedge firmly In place and 
turn the triangle over. 

3. Then move the triangle until the hypote- 
nuse passes through the point of tangency and 
draw the tangent, as shown in view B of figure 
8-11. 

WHEN DRAWING A LINE TO THE END 
OF AN ARC, you may find that when you drw 
an arc which terminates In a straight line, you 
have a natural tendency to overdraw the arc. 
To avoid this error: 

1. Draw a radius from the center of the 
arc, as shown In view A of figure 8-12 to the 
point of tangency. In view B of figure 8-12, a 
radius has been drawn to both points. 

2. Watch this radius carefully as you draw 
the arc, and stop at the exact point at which 
the line of the arc touches the point of tangency. 
(See view C of figure 8-12.) 



In drawing a straight line to the end of 
an arc, there seems to be a natural tendency 
to run It Inside its true position. In figure 8-13 
the error at the left Is no greater than the one 
at the right, but the line ending belqw the end 
of the arc looks as if it were the greater error. 

WHEN DRAWING ARCS TANGENT TO TWO 
LINES (FILLETS AND ROUNPS), small arcs 
tangent to two lines defining an Inside corner 
are called fillets, and musx often be drawn after 
the straight lines have been drawn. Small arcs 
tangent to two lines deflnli^ an outside corner 
are called rounds. 



A B 
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Figure 8-12. — Prect»utlon to avoid overdrawing 
an arc that ends In a straight line. 
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Figure 8-ll.-Drawlng a tangent to a circle at a Figure 8-13.-Errors In drawing a line to the 

given point. ^ 
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When the lines form an angle that is not 
a right angle: 

1. Draw lines that are parallel to the first 
two lines, inside the angle and at a distance 
of the given radius from thenti as shown in view 
A of figure 8-14. The intersection of these 
parallel lines will be the center, O, of the fillet's 
arc. 

2. Establish the exact points of tangency, 
as shown in view B of figure 8-14, the center, 
O, perpendicular to the legs to the angle. 

3. Now draw the fillet, using point O as 
the center of the circle. Start at one point of 
tangency and stop when the arc touches the other. 

When the two lines form a right angle: 

1. Adjust the dividers to the required radius. 

2. Place the point of the dividers at the corner 
of the angle, and draw a short arc intersecting 
each straight line. (See view A of fig. 8-15.) 
Section points of the arcs and the lines are 
the points of tangency. 

3. Use the intersection points as centers for 
the point of the dividers, and, with your dividers 
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Figure 8-14. — Drawing a fillet or round to two 
straight lines. 



adjusted to the given radius, draw intersecting 
arcs inside the angle, as shown in view B of 
figure 8-15. 

4. Use this point of intersection as the center, 
O, for the point when you draw the fillet, as 
shown in view C of figure Br 15. 

WHEN DRAWING LARGE ARCS TANGENT 
TO SMALLER ARCS, any of the methods of 
drawing fillets can be applied in laying out large 
circles or arcs tangent to other arcs. The trial 
and error method is illustrated in figure 8-16. 
The arc of a large circle is to be drawn tangent 
to two small circles or arcs. Points T and 
T' are estimated as the points of tangency and 
are used to find the intersecting arcs at point 
O. Point O is used as the center in drawing 
the arc from T to T'. 

The trial and error method may also be 
used in passing a circle through three given 
points. In view A of figure 8-17, arcs with an 
equal radius have been drawn from each of the 
three points. You can see that they fail to have 
a common point of intersection and are, tlierefore, 
not at the proper center. Nevertheless, from this 
trial the Patternmaker is able to judge where 
the center will probably fall and to select a 
point, O, to use as the center in drawing his 
first trial arc. If this trial arc fails to pass 
through the three points perfectly, as shown 
in view B of figure 8-17, he moves the center as 
indicated. This time it is possible to Judge the 
position of the center so accurately that the 
circle may be drawn through the points. (See 
view C of fig. 8-17.) 

WHEN ESTABLISHING EXACT POINTS OF 
TANGENCY (Fig. 8-16), you wiU see that the 
arcs have been drawn with slightly excess lines. 
If you are working in pencil, you can first 
draw the arcs lightly, erase the excess lines. 



B 




Figure 8-15. — Drawing a fillet 
right angle. 



or 
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round to a 
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Figure 8-16.— Trial and error method of drawing 
a large arc tangent to two smaller arcs. 
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and then darken or BRIGHTEN the remaining 
lines. If you are inking a drawing, it is wise 
to establish the exact points of tangency before 
you ink the arcs, since it is difficult to erase 
excess ink lines. This may he done by lightly 
drawing the radius from the center of the circle 
of the arc to the point of tangency. (See fig. 
8-12.) In figure 8-18, the radii for several 
tangent arcs have been drawn to establish the 
exact points of tangency. 

TO DRAW A REVERSE OH OGEE CURVE 
TANGENT TO TWO LINES, erect a perpendicu- 
lar at point A and drop one at point B as shown 
in view A of fig. 8-19. Connect the points A 
and B with a line as shown i.\ view B of figure 
8-19. Assume a point C on this line through 
which the curve will pass. This point may be 
the midpoint of the line, if equal arcs are 
desired. Bisect AC and CB, as shown in view 
C of figure 8-19. The intersection of these 
lines with the perpendiculars from points A and 
B are the centers of the required arcs. Complete 
the curve as shown in view D of figure 8-19. 



DRAWING PLANE FIGURES 

A plane has only two dimensions. For all 
practical purposes, your layout is a plane. A 
drawing showing one side of a square box is 
a drawing of a plane figtire, since a square is 
a plane figure. 

This section gives methods of construction 
for a number of common plane figures. 

TO DRAW TRIANGLES WITH GIVEN SIDES, 
such as lines A, B, and C in view A of figure 
8-20: 

1. Draw one side in the desired position 
as the baseline. 

2. Adjust the dividers to the length of a 
second side, and using one end of the baseline 
as a center for the point of the dividers, draw 
an arc. 

3. Adjust the dividers to the length of the 
third side, and from the other end of the 
baseline, draw an arc, as shown in view B of 
figure 8-20. 




A B C 
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Figure 8-17. -Trial and error method of finding the center of a circle which passes through three 

given points. 
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Figure 8-19.— Reverse or ogee curve. 
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Figure 8-20.— Drawing a triangle with three 
given sides. 



4. Connect the intersection point of these 
ares to the ends of the baseline for the sides 
of the triangle. (See view C of fig. 8-20.) 

WHEN DRAWING AN EQUILATERAL TRI- 
ANGLE ^^iioh has three equal sides, draw one 
f»tde and then use the length of that side as the 
radius when you draw intersecting arcs from 
eaeb end of it. (See view A of fiig. 8-21.) 

TO DRAW AN ISOSCELES TRIANGLE which 
has two equal sides* locate the base, and draw 
tnterseotlng arcs from each end of it using the 
length of one of the equal sides as the radius. 
(See view B of fig. 8-2i.) 

TO DRAW A RIGHT TRIANGLE— ONE WITH 
AN INCLUDED 90* ANGLE— see bisecting a 
line, figure 8-3; drawing a perpendicular from 
the end of a line, figure 8-9; or drawing a 
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Figure 8-21.— Drawii^ triangular plane figures. 
A. An equilateral triangle. B. An isosceles 
triangle. 



perpendicular to a given line from a given point, 
figure 8-10. 



TO CONSTRUCT A REGULAR PENTAGON 
(FIVE SIDED FIGURE) WITHIN A CIRCLE: 

1. Draw the diameter of the circle* shown 
as AOB in view A of figure 8>22« 

2. Bisect the radius OB of the circle* as 
showi view B of figure 8*22. 
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Hexagonal forms (six sided) of the bolt head 
and nut are common figures In meohantoal 
drawings. There are several ways of DRAWING 
A REGULAR HEXAGON. If you are given the 
distance between two opposite si^s of a 
hexagon, called the SHORT DISTANCE or 
DISTANCE ACROSS FLATS: 

1. Draw a horisontal line and a verlloal 
Une, each as long as this given distance and 
intersecting at rig^ angles to each othsr, at 

shown In view A of figure 8-23. 

2. With these lines as diameters and their 
Intersection as the center for the point of the 
divicters, draw a circle, as shown in view B of 
figure 8-23. 

3. Using the 30*— 60* triangle retting on 
a T-square or straightedge base, draw Unet 
tangent to the circle in the order thowa la 
view C of figure 8-23. 

If you are given the distance between offpomitn 
corners of a hexagon, called the DISTANCE 
ACROSS CORNERS or the LONG DIAMETER: 

1. Draw a circle with this dlttance at the 

dias V ter. (See view A of fig. 8-24.) 

2. Using the same radius at *y<M uted to 
draw the circle, draw arct with the endt of 
the diameter as centers, as shown in view B of 
figure 8-24. 

3. Connect the points where the aret inter- 
sect the circle with those where the diameter 
touches the circle as shown in view C of figure 
8-24. 




ABC 
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Figure 8-23. —Drawing a regular hexagon when the distance across flats it given. 
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3* With D as a center and a radius equal to 
DC* strike arc CE» as sho«ru in view C of figure 
8-22. 

4. With C as a center, strike the arc FG 
passing through tha point E. as shown tn view D 
of figure 8-22. 

5. Distance CP or CG Is equal to the length 
of one side of the pentagon. The other sides are 
stepped off with the dividers, as shown in view E 
of figure 8-22. 




A B 
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Figure 8-22.— Drawing a regular pentagon in a 

circle. 
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Figure 8-24.— Drawing a regular hexagon when 
the distance across corners is given. 



WHEN DRAWING A REGULAR OCTAGON 
(8 SIDED FIGURE), if you are given the distance 
between opposite sides of an octagon: 

1. Use this as the side dimension in drawing 
a square, as sha. n in view A of figure 8-25. 

2. Draw the diagonals of the square. 

3. Adjust the dividers to a radius equal to 
one-half the length of a diagonal. 

4. Place the point of the dividers on each 
corner and draw arcs intersecting the sides 
of the square, as shown in viev/ B of figure 8-25. 

5. Connect the points of intersection, form- 
ing a regular octagon. (See view C of fig. 8-25.) 

One of the most difficult figures to draw is 
the ELLIPSE. There are a number of ways 
of drawing it. Generally you will be given the 
length of the major and minor axes of the ellipse. 
(See fig. 8-26.) 

An ellipse which is not absolutely accurate 
but which gives a good visual effect may be 
drawn, using the compass, as follows: 

1. Draw the major and minor axes. 

2. Draw a line connecting one end of the 
major axis and one end of the minor axis. (See 
view A of fig. 8-27.) 
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Figure 8-25. — Drawing a regular octagon when 
the distance between sides is given. 



C 




D 
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Figure 8-26.— An ellipse with major axis AB, 
and minor axis CD. 



3. Using a radius equal to half the major 
axis and with C as the center, lay off OE on 
OB. (See view B of fig. 8-27.) 

4. Using a radius equal to EB, lay off CF 
on CB. (See view C of fig. 8-27.) 

5. Bisect line FB as shown in figure 25D. 
Extend the bisecting line to intersect AB at X 
and CD at Y. 

6. Using a radius equal to XB, lay off AX', 
and using a radius equal to DY, lay off CY*. 
(See view D of fig. 8-27.) 

7. Using the radii XB and X'A, draw the 
end arcs as shown in view E of figure 8-27. 

8. Using the radU YC and Y'D draw the 
side arcs, as shown in view F of figure 8-27. 

The easiest method of drawing a LARGE 
ELLIPSE is the pin-and-strii^ method. To use 
this method: 

1. Draw the major and minor axes. 

2. Set the dividers to one-half the length 
of the major axis, and, using one end of the 
minor axis as a center, draw arcs intersecting 
the major axis. Points F and F* are called 
the fool of the ellipse. (See view A of fig. 8-28*) 
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3. Drive pins at the foci and at one end 
of the minor axis, and tie a cord around the 
three pins, as shown in view B of figure 8-28. 

4. Remove the pin at the end of the »TJlnor 
axis, and place a pencil or pen inside the loop. 
Keeping the string taut, draw the line of the 
ellipse, as shown In view C of figure 8-28. 

You may have trouble keeping the line smooth 
when you reach the major axis and must shift 
your string over the heads of the pins. It is 
better to remove the pencil or pen from the 
drawing surface, shift the string to the other 
side of the p^ns, and then replace the drawing 
point carefully so that there is no break in the 
line. It is not necessary to shift if you use a 
continuous string, passing around the pins, rather 
than tied to them. 

An ellipse may also be drawn by the trammel 
method. On the straight edge of a strip of 
paper, cardboard, or plastic, mark half the 



distance of the major axis, AO in view A of 
figure 8-29. Then mark half the distance of 
the minor axis, CO. Draw the major and minor 
axes on the drawing sheet. Move the stral^t 
edge, keeping point A on the minor axis and 
point C on the major axis and, using point O 
as the guide, draw the line of the ellipse, as 
shown In view B of filgure 8-29. 

The oonoentrio-olrcle method of drawing an 
ellipse is the most accurate of tbe methods 
discussed in this section, provided you can 
handle your Instruments with accuracy. It in- 
volves carefully {dotting the ellipse. 

1. Draw the major and minor axes. 

2. With the intersection as a center, draw 
a circle that has the major axis as a diameter. 
(See view A of fig. 8-30.) 

3. Draw a number of radial or slant lines 
through the center to the arc of tbe largor 
circle. (See view B of fig. 8-30.) 
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Figure 8-28.— Drawing an ellipse, using the 
pin-and-string method. 



23.249 

Figure 8-30.— Dra^ zing an ellipse, using the 
two-circle method. 
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Figure 8« 29. — Drawing an ellipse, using the trammel method. 
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4. Wherever these lines cut the smaller 
circle, draw short horizontal lines outward from 
the arc of that circle. 

5. Wherever the radial lines touch the larger 
circle, draw short vertical lines to intersect 
the short horizontal lines. (See view C of fig. 
8-30.) The points where these short horizontal 
and vertical lines intersect define the ellipse. 

6. Use the French curve and draw the ellipse 
from these plotted points. (See vl-^w D of flg. 
8-30.) 



DRAWING SPIRAUS 
AND INVOLUTES 



A spiral or involute is a constantly changing 
curve winding, coiling, or oircUi^ around a 
center point receding or approaohtog its own 
center. For all practical purposes, the main 
spring in your watch is a spiral. This section 
gives methods of construction for the more 
common spirals. 
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An Involute is the curve that might be traced 
by a point on a cord that is being unwound from 
a line, a triangle, a square or another polygon, 
or a circle. Figure 8-31 Illustrates the pin-and- 
string method of drawing the involute of a 
pentagon. 

To draw an INVOLUTE OF A LINE, extend 
the line AB as shown in view A of figure 8-32. 
Using the length AB as a radius and A as a 
center, draw a semicircle, as shown in view B 
of figure 8-32. Then, using BC as the radius 
and B as the center, draw a second semicircle 
continuing the curve, as shown in view C of 
figure 8-32. Then, with CD as the radius and 
C as the center, draw the next arc, as shown 
in view D of figure 8-32. Proceed in the same 
manner until the curve is the desired size. 

WHEN DRAWING THE INVOLUTE OF A 
TRIANGLE, extend the sides as shown in view 
A of figure 8-33. Using one side AB as radius, 
and A as the center, draw an arc from B to the 
extension of side AC, as shown in view Bof 
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Figure 8-32. — Method of drawing the involute of 

a line. 





23.250 23.252 
Figure 8-31 . — Pin-and-string method of drawing Figure 8-33, — Method of drawing the involute of 
an involute of a pentagon. a triangle. 
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figure 8-33* Using a radius the length of AC plus 
its extension, and with C as the center, draw an 
arc to the extension of side BC, With BC plus 
its extension as the radius and B as the center, 
draw the arc to the extension of side AB, as 
shown in view C of figure 8-33. Continue in this 
manner until the figure is the desired size. 

TO DKAW THE LWOLUTE OF A CIRCLE, 
consider the circle as a polygon with a great 
numtxjr of sides. Divide the circumference of 
the circle into a number of equal parts. Then 
tlraw tangents from each divisiuu, as shown 
in view A of figure 6-34. With the rectified 
distance of a division as a radius, draw an 
arc from one division to intersect the tangent 
of the next division, as shown in view B of 
figure 8-34. With the intersection point on this 
tangent to the point of tang^ncy as a radius, 
draw an arc to intersect the next tangent. (See 
view C of figure 8-34.) Continue until the figure 
is of the required size. 

WHEN DRAWING A SPIRAL OF ARCHI- 
MEDES, the spiral Is generated by apoint moving 
around a fixed point, its distance increasing 



uniformly with the angle. To draw a spiral which 
m:ikes one turn In a given circle, divide the 
circle into a number of equal parts and number 
these parts in succession. (See view A of fig* 
8-35.) Then divide the radius of the circle into 
the same number of parts and number them from 
the center outward, as shown in view A of figure 
8-35. Using the center of the circle as a center, 
draw from each of the numliered divisions an 
arc which intersects the corresponding numbered 
division on the radius, as shown In view B of 
figure 8-35. These Intersections are the points 
of the curve, as shown in view C of figure 8-35. 

WHEN DRAWING THE HELDC, consider 
the helix as a curve in space which is generated 
by a point moving uniformly along a straight 
line which revolves around an axis. If the line 
moves parallel to the axis, it will generate a 
cylindrical helix. If it moves at an angle to 
the axis, it will generate a conical helix. The 
LEAD of a helix is the distance parallel with 
the axis which the point advances along the line 
in one revolution. 

To draw a helix, draw two views of the 
cylinder, as shown In view A of figure 8-36. 
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23.253 

Figure f -34.— Method of drawing the involute of 

a circle. 
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Figure 8-35. — Method of drawing a spiral of 
Archimedes. 
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Figure 8-36. — Method of drawing a helix. 
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Divide the lead into an equal number of parts 
and the diameter into the same number of parts, 
as shown in view B of figure 8-36. The inter- 
section of the lines from these points, as shown 
in view C of figure 8-36,* are the points of 
cylindrical helix. 



DETERMINING AREAS 
AND VOLUMES 

As a Patternmaker, you must be able to 
calculate the amount of material needed to 
manufacture the pattern and determine the weight 
of the pattern in order to calculate the approxi- 
mate wei{^t of the casting. In order to do this, 
you must possess a knowledge of geometry and 
be able to determine areas and volumes of 
geometric shapes and figures. 

Area is defined as the extent of a surface 
bounded by two dimensions such as length and 
width. The unit of measure denoting area is 
"square" such as square inch3s, square feet, 
square yards, etc. 

Volume can be defined as the extent of an 
object bounded by three dimensions such as 
length, width, and height. The unit of measure 



denoting volume is "cubic" such as cubic inches, 
cubic feet, ete. 

In order to find the area (A) of the rectangle 
shown in figure 8-37, you must multiply the 
length (L) by the width (W) or A = LW. Since 
L 8 and W » 5, A 40 square inches. 

In order to find the volume (V) of the cube 
shown in figure 8-38, you must multiply length 
(L) times width (W) times height (H) or V = LWH. 
Since L = 8", W = 5", and H « 7", ir = 280 
cubic inches. 

Many of the geometric figures you will be 
concerned with are illustrated in figure 8-39. 
Along with the fitgpjres are the formula and 
example problems for calculating area and 
volume for that particular figure. 

When values are enclosed in parentheses ( ), 
brackets L 3 , braces £ J , or lined over by the 
vinculum they are said to be GROUPED. 

Some equations may contain a group within 
a group such as in the formula for filnding the 
area of a trapezium where. 



Area = 1/2 ja(e + d) + bd + ce] 



In this formula, you have parentheses and 
brackets. The order of precedent concerning 
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Figure 8-37. — Two dimensional view. 




68.222 

Figure 8-38.— Three dimensional view. 



these grouping symbols is; parentheses oan be 
enclosed in braces and braces can be enclosed 
in brackets. However, the reverse is not true. 
In other words, the values enclosed by paren- 
theses must be considered before considering 
the values within the brackets etc. In order to 
explain further, let's find the area of a 
trapezium using the formula and values shown 
in figure 8-39. 

Area = |l/2 a(e + d) + bd + ce] 

Area = [l/2 10 (8 + 6) + 3 X 6 + 5 X s] 

Area=^[l/2 10 (14) + 3 X 6 + 5 X s] 

Area = [l/2 140 + 3 X 6 + 5 X s] 

Area ^[l/2 140 + 18 + 4o] 

Area ^=[1/2 198] 

Area =[99] 

The first step, after putting numerical value 
to the letter symbols, is to add ^'e + d'' as they 
are enclosed within parentheses. The next step is 
to consider the process dictated by the preceding 
value which in this case is **a**. Since there 
is no symbol between **a** and the parentheses, 
it is understood that **a** must be multiplied 
by the smn of "e + d" which results in a product 
of 140. Next, you must multiply d** and 
"c + e** which results in simis of 18 and 40, 
respectively. When these are added to 140, you 
have a value of 198 which must now be multiplied 
by 1/2 resulting in a product of 99. Therefore, 
since all values are in inches, the Area - 99 
square inches. 
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Rectangle and Parallelogram 



Area » ab 





Triangle 

Area - H cd. 



Area - V» (s-b) (s-c) when 

» - J$ (a + b + c) 
Example: a - 3'. b - 4 c - 5* 



3" + 4* + 5* 



6' 





Area - V6 (6-3) (6-4) (6-5) - 6 sq. in. 



Regular Polygon* 

n« Number of sides, s* Length of one side. r<" Inside radius 

Area <■ H nsr 



Number of Sides 



Area 



5 


1.72047 s» 




3.63273 r* 


6 


2.59809 s' 




3.46408 t» 


7 


3.63395 s' 




3.37099 r» 


8 


4.82847 s' 




3.31368 t* 


9 


6.18181 s' 




3.27574 r» 


10 


7.69416 s» 




3.24922 t* 


11 


9.36570 s' 




3.22987 r» 


12 


11.19616 s> 




3.21539 r> 




Trapezium 

Area - 34 [a (e + d) + bd + ce] 

Example a - 10". b - 3". c - 5*. d - 6'. e - 8" 

Area - H [lO (8 + 6) + (3 X 6) + (5 X 8)] - 99 sq. in. 




Square 

The diagonal ol a square = A X 1.414 



The side of a square inscribed 
in a given circle is: B X .707. 
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Figure 8-39.— Areas and volumes for calculating weights of castings. 
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Circle 

0 iihf Greek leiter Theta) « angle included between radii 
w (pi) « 3.MI6, D •« Oiam^ftcr. R •« Radius, C - Chords 
h « Height of Arc, 1. « Length of Arc. 
Circumference » irD * 2«rR « 2 V » X Area 
Diameter ■ 2 R « Circumference -r » «2 / Area 

f.Area 



Radius • !^ D Circumference v 2 » 



Radius « 



2h 



Area - '4 »D» » 0 7S54 D' 



n IT 



Chord - 2 Vh iD-h) - 2 R X sine '4 « 
HeigJ.i of Arc, h - R ~ ^R» - ^Cy 

Ungih of Arc. L - X 2»R » 0 0174533 R9 



'■^9 (in degrees) 
Sine Vi $ - y + R 



360 
28 6479-^ 




Sector of a Circle 
Area ■« 5^ LR 

Example. L -^0.472% R - 
Area - ^-^^^ X 5 - 26 180sq .n. 

or Area • » X ^ - 0 0087266 RH 

Example: R - 5'. d - 120' 

120 

Area « 3.1416 X 5* X - 26.180 tq. in. 




Segment of a Circle 

C (R - h) 



Area 



'^'^ 360 ~ 



Example: R - 5*. - 120'. C - 8.66*. h - 2.5' 

Area - 3.1416 X 5» X - ^ 355 5^ 

Length of arc L - 0.0174533 RS 

Area - >^ [ LR - C (R -h) ] 

EAample: R - 5'. C - 8.66\ h » 2.5*. $ - 120* 
L •* 0.0174533 X 5 X 120 - 10.472" 

Area - Vi [(10.472 X 5) — 8.66 (5 - 2.5)] » 15.355 sq.i 




in. 



Figure 8-39.— Areas and volumes for calculating weights of castings— Continued. 
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Circular Ring 

Area « 0.7854 (D>-d*). or 0.7854 (D-d) (D + d) 

Example: D - ID". d ^ 3' 

Area - 0.7854 (I0»-3») - 71.4714 sq in. 




Spasadrel 

Area - 0.2140 R* * 0.1073 C* 

Example: R - 3 

Area - 0.2146 X 3* - 1.9314 




Parabolic Segment 

Area - ^ih 
Example: • " 3. h ■> 4 
Area - ^X3X4-8 




EUipce 

Area ■ trab » 3.1416 ab 

Example: a - 3. b 4 

Area - 3.1416 X 3 X 4 » 37.6092 




Irregalar Flgiucs 

Area may be foaod a« foUowt: 
Divide the figure into eQual apacet 
at abowp by the linea in the figure. 

(1) Add iMigtha of dotted lines. 

(2) Divide lum by number of apacea. 

(3) Multiply result by "A." 









■ n — 










1 
1 


1 
1 








1 


I 








1 





Figure 8-39.— Areas and volumes for calculating weights of castings— Continued. 
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Rinf oi Ciicular CroM Section 

Area ol Sufface • Rr » 3».4784 Rr 
Area of Surface - w»Dd - 9.8696 Dd 
Volume - 3trt Rr* - l».73»2Rr* 
Volume - K>'Dd* - 2.4674 Dd' 



Sphcfe 

Surface » 4»r* * 12.S«64 7> - I'd* 
Volume -5i»r* -4.18881' 
Volume )4«d> « 0.8236d» 




StfiiMnl of m Sphere 



SplieffiealSuffMe-2»rh •)iir(c«-f 4M) * 0.7854(c* + 4M> T" 
Total Surface - K ' (c» -f 8rh) - 0 7854 (c* -I- 8 rh) 
Volume - K»M(3r>h) - 1.0472 M (3r-h) 

or 

Volume - S4«irh (3c* + 4h>) - 0.1309 h (3c> + 4 h>) 




Sector of a Sphere 

Total Surface -* 4 t (4 h + c) 
Volume »Hwt*h m 2.0044 r«h 



- 1.5708 r (4 h + c) 




Cylinder 

Cylindrical Surface - wdh - 2»rh • 6.2832 rh 
Total Surface - 2'r (r + h) ^ 6.2832 if + h) 
Volume mwi»h m j4 w4*h • 0.7854 d'h 




FIfuxe 8->89.— Areaa and volumes for calculating wei^its of castings —Continued. 
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Pyramid 

A " area of base 
P «• perimeter of base 
Lateral Area 2^ Ps 
Volume - ^Ah 




Frustum of a Pyramid 

A m area of base 
a » area of top 
m area of midsection 
P " perimeter of base 
p - perimeter, of top 

Lateral Area « H » (P + P) 

Volume - >$ h (a + A + V^aSJ 
Volume *>«h(A + a + 4m) 




Cone 

Conical Area - »ri • *r Vr* h' 
Volume - }^rr>h - 1.0472 r*h - 0.2618 d'h 




Frustum of a Cone 

A area of base 

a « area of top 

m — area of midsection 

R.D-f>2:r>d4>2 

Area of Conical Surface - «s (D + d) -> 1 .5708 1 (D + d) 
Volume - >i h (R« + Rr + r») - 1.0472 h (R» + Rr + r>) 
Volume - Hj h (D» -f Dd + d») - 0.2618 h (D» + Dd + d«) 
Volume - >S h (a+A + VliA) - Hh(a + A+ 4m) 




Figure 8-39.— Areas and volumes for calculating weight84]|^||g|tng8~ Continued. 68Ji29,6 
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CALCULATIONS OF 
CASTING WEIGHTS 

There are two methods used to CALCULATE 
the APPROXIMATE weights of castings; volume 
method axKi weight method. 

To determine the wei^t of a specific casting 
using the volume methodp you must break down 
the pattern design into simple geometric sections 
or shapes and calculate the volume of each 
shape in cubic inches. If the pattern is cored, 
you must also determine the voliune contained 
in the cores and subtract this i^gure from the 
total volume of the pattern. 

After you have determined the total volume 
of the pattern minus the core volxmie, you must 
multiply by the weight of the specific casting 
material. The weights for most casting materials 
are shown in Table 8-1. 

To explain further, let's say that a certain 
cored pattern is to be cast in brass and has a 
volume of 530 cubic inches and cores containing 
215 cubic inches. Look at Table 8**1 and you 
will find that brass weighs .310 lbs. per cubic 
inch* Therefore, the approximate weight of this 
casting is 97.65 lbs. 

casting weight = .310 (530 - 215) 
^ .310 (315) 
= 96.75 lbs. 

To use the weight method for calculating tt^ 
approximate weight of a casting, you must 
determine the weight of the pattern* If you are 
fortunate enough to have a scale, you can simply 
wei^ the pattern and the cores. In order to 
obtain the core weight, you must weigh the actual 
sand core, not the core box. 

Next, you must multiply the pattern weight 
by the appropxiate factor from Table 8*2. These 
factors are nothing more than ratios between 
certain pattern materials to certain casting 
materials. 

The next step is to multiply the core wei^t 
by ^he appropriate factor from Table 8-2 and 
theu subtract this product from tl^ pattern 
weight. 

Problem: A certain cored, white pine, pattern 
for a cast iron casting weighs 12.8 lbs. and 
has cores weighing a total of 3«8 ll»« What is the 
approximate weight of the casting? 

Casting weight = 12.6 x 16 - 3.8 x 4 
« 207.6 • 15.2 
» 192.4 lbs. 



Table 8-*l.— Casting Material Weights 



Material 


Weight in 
nounds ner 
cubic inch 


Aluminum 




ni^imuth 




Brass 


310 


Bronze 


310 


Aluminum 1-lrnn!KA 


205 


Manganese 

Bronze 


308 

• www 


Cast Iron 




Cast Iron, 
Wrought 


280 


Copper 


.324 


Lead 


.409 


Monel 


.345 


Magnesium 


.066 


Steel 


.281 


Tin 


.263 


Low Melting 
Point Alloy 


.350 


Zinc 


.254 


Plaster of 
Paris 


.0894 



/ 



68.215 
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Table 8-2, — Factors 



Casting Material 



Pattern 

Material 


Cast 
Steel 


Cast 
Iron 


Bronze 


Copper 


Zinc 


Aluminum 


Pine 


17 0 


16 0 


Id 0 


19.6 


15.0 


b.7 


Redwood 


n.o 


16.0 


19 0 


19.6 


15.0 


5.7 


Mahogany 


13.0 


12.0 


14.0 


14.7 


11.5 


4.5 


Cherry 


11.5 


10.5 


12.5 


13.0 


lao 


3.8 


Poplar 


15.0 


14.0 


17.0 


17.5 


13.0 


5.0 


Walnut 


11.5 


10.5 


12.5 


13.0 


10.0 


3.8 


Cedar 


19.0 


18.0 


21.0 


21.5 


17.0 


6.3 


Plaster 
of Paris 


3.2 


2.85 


3.2 


3.44 


2.7 


1.1 


Aluminum 


3.2 


2.85 


3.2 


3.44 


2.7 


1.0 



68.216 



If a scale is not available, you must determine 
the pattern weight mathematically by finding the 
total volume of the pattern minus the total 
volume of the cores and then multiplying this 
figure by the weight of the specific pattern 
material. Table 8-3 shows the weights of some 
pattern materials per cubic foot. 

After you have determined the pattern wei^t, 
you proceed as before by multiplying by the 
appropriate factor from Table 8-2. To explain 
further, let's say that you have determined that 
a certain cored redwood pattern for a cast 
iron part has a volume of 180 cubic inches and 
72 cubic Inches of core. Table 8-3 shows that 
redwood weij^ 28 lbs. per cubic foot. Since 
the pattern is measured in cubic inches, you 
must determine the weight of redwood per cubic 
Inch by dividing 1728 (number of cubic inches 
contained in 1 cubic foot) into the weight of 
redwood per cubic foot (28). 

Example: 2t> = .0162 
1728 

Therefore, .redwood weighs .0162 lbs. per cubic 
looh. 



Table 8-3.— Pattern Material Weights 
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PATTERN MATERIAL 


WEIGHT PER 
CUBIC FOOT 


WHITE OR SUGAR PlNE 


23.9 


SPANISH MAHOGANY 


95 


HONDURAS UAHOOANY 


96 


POPLAR 


S9 


OOUOLAS FIR 


91.9 


CEDAR 


2S.2 


CALirORNIA SPHUCE 


E9 


CHERRY 


4E 


MAPLE 


49 


REDWO<N) 


99 


RED OAK 


44 


WHITE OAK 


47 


PLASTER OP PARIS 


19,97 
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Where pattern volume (P) - 180 cubic inches, 
core volume (C> « 72, tte weight of redwood 
per cubic foot (R) - 28, and the factor for cast 
iron (F) = 16, the formula for finding the casting 
weight (W) could look like this: 



W = F r R (P^ C) I 
|l728 J 

W « 16 r J8_ (180 - 72) 
Ll728 

W « 16 [gi^ (108)1 
^728 J 

W = 16 [.0162 (108)] 

W = 16 [1.7496] 

W = 27.9936 lbs. 



PRINCIPLES OF SURFACE 
DEVELOPMENT 



In the Navy, the principles of surface de** 
velopment are used for many types of repair 
work. For example, they are used in sheet metal 
work such as heating, ventilating and air** 
conditioning systems; in shlpfitter work such as 
structural components on boat or ship parts; 
and in patternmaklng ^uch as Joining cur red 
8urfacft« tr^gpther. 

As a PM3 or PM2, yuu must have a knowl- 
edge of pattern joinery to choose the best type 
of development for any particular job. Therefore, 
the principles of surface development are 
necessary to transpose any shape from a flat 
plane to a three-dimensional object in order 
to cut the pattern components without error 
or waste* These principles will be discussed 
in this section and their application as applied 
to pattemmaking will be discussed in the chapter 
on flanged fittings. 

A surface has two dimensions— length and 
width* It is bounded by lines which are eitlicr 
straight or curved. The surface itself may be 
PLANE, PLANE-CURVED as neripheral 
siirface of a cylinder, WARPED a^ ^ne surface 
of a screw thread, or DOUBLE-CURVED as the 
surface of a spl^re. A plane surface is flat. 
A plane<*curved surface can be unrolled and 



laid out flat. This is caUed DEVELOPING the 
surface. A warped surface or a double-^curved 
surface cannot be developed except approxi** 
mately. 

In figure 8-40, a number of three-dimen- 
sional figures are illustrated. Try to form a 
mental picture of what woi^ild happen if the 
surfaces of these figures w*ere unfolded or 
unrolled and laid out in a flat plane. The poly«» 
hedrons, of course, would be merely a system 
of connected squares, triangles, or other poly- 
gons. A cylinder with parallel ends vvuuld unroll 
into a parallelogram. A cone would unroll into 
a section of a circle. However, warped surfaces 
could not be made to Ue flat, and double-curved 
surfaces present a similar problem. 

The three principal methods of developing 
the surface of three-dimensional objects are 
called PARALLEL DEVELOPMENT, RADIAL 
DEVELOPMENT, and TRIANGULATION. Par- 
allel development is used for surfaces such as 
those of prisms or cylinders. (See view A of 
fig. 8-41.) Radial development is used for sur- 
faces such as those of cones and pyramids, 
which may be said to be generated by a line of 
which one end remains fixed while the other end 
rotates about it. (See view B of fig« 8-41.) 
Triangulation is used for surfaces which do 
not lexKl themselves to either of the other two 
method's, to approximate the development of 
warped surfaces. (See view C of fig. 8«*41«) 

Double^curved surfaces, such as the surface 
of a sphere, miay be developed approximately 
by several methods which you will probably 
never have occasion to use in the Navy but which 
are interesting in that the identical methods are 
applied in various map projections* A sphere 
may be cut into horizontal sections, or zones, 
which may be considered and developed as 
frustums of cones, as shown in view A of figure 
8-42^ 

A sphere may also be cut into equal meridian 
sections, called lunes, and these developed as if 
they were sections of cylinders. (See view B of 
fig. 8-42.) 



PARALLEL DEVELOPMENT 



The surfaces of prisms and cylinders are 
made up of parallel elements or of elements 
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11.212:249(65) 

Fi|;ure 8-41 .—Surf ace development: A. Parallel 
development* B. Radial development. C. De*» 
velopment by triangulation* 



that can be treated as parallel elements. For 
example^ in figure 8'-43» the steps in developing 
a rectangular prism are illustrated. 

1. In order to determine the length of all 
the edges of the prism» draw the front and top 
views in orthographic projection. (See view A 
of fig* 8-43.) 

%. Draw the development to one side o^ the 
£ront viev/ so that the dimensions of ve^ixcal 
elements on that view can be projected to the 
development as shown in view B of ftgure 8-43. 

V. Transfer the dimensions of other elements 
iici^ the top view. (See view C of fig. 8*43.) 
Notice that all bend Unes are marked with 
crosses near their ends to distinguish them 
£rom outlines. 

4. To check the drawings measure the lines 
of edges which are to be Joined as illustrated 
in the pictorial drawing in view D of figure 
8-43* Such edges must correspond exactly. 







Figure 8-42. 



-Development 
surfaces. 



of 



68.76 
double^urved 



In figure 8""44, the steps in the development 
of a truncated hexagonal prism are illustrated. 

1. Draw a firont view and a bottom view of 
the prism in orthographic projection. (See view 
A of fig. 8-44.) 

2. Since the true shape of the slanting plane 
and the length of the lines of its edges are not 
shown In these views^ draw an auxiuary view 
as shown in view B of figure 8-44. Nole that it 
is not necessary to draw the entire prism in 
the auxiliary view» since only the dimensions of 
the plane surface are required. 

3. Project the lines q& the front view hori- 
zontally as the first step in constructing the 
development. (See view C of fig. 8-44.) 
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Figure 8-43.— Parallel development of a rec- 
tangular prism. 




68.7G 

Figure 8-44.— Development of a truncated hex- 
agonal prism. 



4. Number the points of intersection of planes 
on the bottom view, and mark off line segments 
of the same length on the baseline of the develop- 
ment. 

5. Erect vertical lines fromiltese numbered 
points to intersect the lines projected from the 
front view of the prism. (See view Dof fig. 8-44.) 
These intersections mark the comers of the 
prism. 



6. Connect 
straight lines. 



the intersection points with 



7. Draw the bottom of the prism attached 
to one of the sides at the baseline. Draw the 
slanting plane at the top of the prism, as it is 
shown in the auxiliary view, attached to one of 
the sides. (See view £ of fig. 8-44.) 

8. Check all measurements of edges to be 
joined as shown in the pictorial drawing in view 
F of figure 8-44, in order to be sure that they 
will coincide exactly. 

Tte development of a truncated cylinder, 
illustrated in figure 8-45, is made with a very 
similar procedure. The cylinder is considered 
to be a prism with an infinite number of sides. 
In developing a cylinder, the number of sides 
must necessarily be limited, but the greater 
the number of sides, the more accurate the 
development is likely to be. 

1. To develop one-half of a two-piece elbow, 
first draw a front and bottom view of that piece 
in orthographic projection. (See view .A of fig. 
8-45.) Since the elbow does not require an end 
piece, it is not necessary to draw an auxiliary 
view showing the true shape of the ellipse farmed 
by the cutting plane at the top of the cylinder. 

2. Divide half the circumference of the circle 
into a number of equal parts. The parts should 
be small enot^ so that, when a strain line 
is drawn between division points, it will approxi- 
mate the length of the arc. Project lines from 
these points to the front view, as shown in view 
B of figure 8-45. The resulting parallel lines on 
the front view are called ELEMENTS. 

3. Lay off the beseUne, called the STRETCH- 
OUT LINE, ol the development. The length of 
this line may be calculated as ft times the diam- 
eter of the cylinder (3.1416 X D). 
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Figure 8-45.— Development of a truncated cyl- 
inder. 



4. Divide the stretchout line into twice the 
number of equal parts as the number on the half 
circle of the orthographic view. (See view C of 
fig. 8-45.) 

5. Erect perpendiculars at each point, as 
shown in view C of figure 8-45. 

6. Using a T-square, project the lengths 
of the elements on the firont view to the de- 
velopment. (See view D of fig. 8-45.) 

7. Using a french curve, Join the resulting 
points of intersection in a smooth curve. 

When the two pieces of the elbow are iden- 
tical, it is only necessary to mate one pattern. 



When a four-piece elbow is to be drawn, 
the same steps are followed to produce as nuuiy 
developments as may be required. ITh© ortho- 
graphic view may be drawn of the whole elbow 
and the developments drawn beside each separate 
piece, as illustrated in figure 8-46. Here only 
one end and one middle development are drawn, 
since the other two pieces are identical with 
these. 

When two pieces, such as two cylinders or 
a cylinder and a prism, intersect, it is necessary 
tc determine the exact points of intersection in 
order to make developments (for the pieces) 
that will fit together without gaps or unnecessary 
overlaps. These intersections are determined 
by carefully drawing the elements intersecting 
on orthographic views and then projecting or 
transferring these intersection points to the 
developments. In figure 8-47, for example, the 
steps in making developments for a '^-Joint 
are illustrated. The T-joint shown consists of 
two cylinders with equal diameters, which inter- 
sect at rig^t angles. 

1. Draw a front view and a side view of the 
T-joint. A bottom view representing the open 
end of the other cylinder might also be drawn. 
However, since this cylinder is perfectly round, 
a semicircle may be drawn attached to the front 
view, and the division points for the elements 
located on it. (See view A of fig. 8-47.) 

-2. Draw equally spaced divisions to locate 
the elements and project these division points 
to both cylinders. The points where the elements 
of one cylinder intersect those of the other 
define the intersection of the two cylinders. 
(See view B of fig. 8-47.) 

3. Draw the surface pattern of the projecting 
pipe at one side of the orthographic view so that 
the length of each element can be projected firom 
the front view, as shown in view C of figure 8-47. 

4. Draw the surfaces pattern of the cross 
pipe below the front view, projeotii^ lines down 
from the branch pipe to locate the opening for 
it, as shown in view D of figure 8-47. 

When the T-joint is made of two cylindrical 
pipes of unequal diameter, the procedure differs 
sUghtly. 

1. Draw the orthographic views. 

2. Divide the smaller diameter branch pipe 
into equal parts, and draw the elements on this 
pipe in both views, as shown in view A of figure 
8-48. The length of each element is shown in 
the side view. 
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Figure 8-46.— Developments for a four-piece elbow. 






68.78 

Figure 8-47 .—Development of a T-joint composed 
of cylinders of equal diameters. 





68.79 

Figure 8-48.— Development of a T-]olnt with two 
cylindrical pipes of unequal diameters. 
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3. Project lines from the upper end of each 
element in the side view to the front view, as 
shown in view B of figure 8-48. The intersections 
of these lines with the vertical dnes drawn on 
the branch pipe define the intersection of the 
two pipes. 

4. Draw the line of intersection on the front 
view. 

5. Draw the surface pattern of the branch 
pipe to the left, continuing the projection lines 
to locate the ends of elements. (See view C of 
fig. 8-48.) 

6. Draw the surface pattern of the larger 
diameter main pipe beneath the front view, 
projecting lines down from the branch pipe to 



locate the opening for It, as shown In view D of 
figure 8-48. 

Figure 8-49 illustrates the steps in drawing 
a round pipe joint made up of two cylindrical 
pipes of unequal diameters which intersect at 
an angle other than 90 degrees. 

1. Draw the front and top orthographic views. 
The ellipse formed by the top of the branch pipe 
may be omitted at this point and drawn later. 
{See view A of fig. 8-49.) 

2. Draw the elements on the branch pipe 
in both views. (See view B of fig, 8-49.) 

3. Project lines down from the left end of 
each element in the top view to the correspond- 
ing element in the front view, and draw the line 
of intersection. (See view C of fig. 8-49.) 




68.80 

Figure 8-49.— Development of a round pipe joint made of two cylindrical pipes of unequal diameters, 

intersecting at an angle other than 90 degrees. 



258 



ERIC 



Chapter 8 -SHOP MATHEMATICS 



4. Draw the ellipse formed by the end of the 
branch pipe in the top view, by projecting lines 
up from the upper end of each element in the 
front vi*jw to the corresponding element in the 
top view. (See view D of fig. 8-49.) 

5. Draw the pattern of the branch pipe to 
the right and perpendicular to the pipe as it 
appears in the front view, as shown in view E of 
figure 8-49. 

6. Draw the pattern for the main pipe to the 
left, with lines projecting from the intersection 
of the two pipes on the orthographic view to 
locate the opening for the branch pipe. (See 
view F of fig. 8-49.) 

When a pipe joint consists of a rectangular 
pipe intersecting a round pipe at an angle other 
than 90 degrees, the procedure is similar. 

1. Draw the orthographic views, as shown 
In view A of figure 8-50, dividing the upper 
surface of th3 rectangular pipe in the top view 
by equally spaced elements. 

2. The points of intersecUon of these Unes 
with the circle are then projected down to the 
upper and lower surfaces of the branch pipe in 
the front view. (See view B of figure 8-50.) 

3. Develop tte surface pattern of the rec- 
tangular pipe perpendicular to it In the front 
view, as shown in view C of figure 8-50. 

4. Draw the surface pattern of the round 
pipe, with the opening for the rectangular pipe, 
to the side of the front view, as shown in view 
D of figure 8-50. 

RADIAL DEVELOPMENT 

The sides of a pyramid and the elements of 
a oone meet at a point called the vertex of apex. 
These same Unes meet at a point In the de- 
velopment of a pyramid or cone and are said 
to radiate from this point. Consequently, the 
method of developing pyramids or cones is 
called radial development. (See fig. 8-51.) 

In radial development, the same general 
procedures are followed as those used in par- 
allel development, except that since the slanting 
lines of pyramids and cones do not always appear 
In their true lengUis on the orthographic views, 
as shcwm in view A of figure 8-51, certain other 
procedures must be followed in order to 
determine these true lengths. To find the true 
lengths of these edges, the pyramid may be 
rotated so that some of the edges appear in 
their true lengths in the views, as shown in 
view B of figure 8-51. In this case, the lines 




68.81 

Figure 8-50.— Development of a plie joint In 
which a rectangular pipe Intersects a round 
pipe at an angle other than 90 degrees. 



which appear as horizontal lines In the top view 
are shown In outline Bad In their true length in 
the front view. IN OTHER WORDS. WHEN A 
LINE APPEARS AS HORIZONTAL OR AS A 
POINT IN THE TOP VIEW, THE CORRE- 
SPONDING LINE IN THE FRONT VIEW IS ITS 
TRUE LENGTH. CONVERSELY. WHEN A LINE 
APPEARS AS HORIZONTAL IN THE FRONT 
VIEW, THE CORRESPONDING LINE IN THE 
TOP VIEW IS ITS TRUE LENGTH. 

Usually. Instead of rotating the whole pyra- 
mid, the Une of the edge itself may be simply 
rotated into the horizontal on a conventional 
orthographic view. For example, in view C at 
figure 8-51. the line of an edge from apex to 
base as it appears in the top view is used as the 
radius for an arc to the horizontal. The point 
of intersection of the arc with the horizontal is 
projected to the front view and a true-length 
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Figure 8-51. —Methods of finding the true length of a line in radial development. 



68.82 



line for that edge drawn, as shown in view D 
of figure 8-51. 

The steps for developing a truncated pyramid 
are illustrated in figure 8-52. This is a transition 
piece for connecting a large square pipe with 
a smaller one. Normally the square ends would 
be terminated in square collars which would 
also be developed. 

1. Draw the orthographic views, completing 
the lines of the sides to the apex. (See view A 
of fig. 8-52.) 

2. Rotate the lir.e of one edge in the top view 
to the horizontal and project it to the ftont view. 
(See view B of fig. 8-52.) 

3. Draw an arc with a radius equal to the 
length of this true-length line plus its extension 
to the apex of the pyramid, and a second arc 
defining the upper limit of the true-length line, 
as shown in view C of figure 8-52. 

4. Step off lengths along these arcs equal 
to the sides of the pyramid. (See view D of 
fig. 8-52.) 

5. Connect these points successively with 
each other and also connect them by light lines 
with the vertex, as shown in view D of figure 
8-52. 




A I 

Li 




/ 




Figure 8-52. 



11.239(65)0 
Development of a truncated 
pyramid. 
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To develop a truncated pentagonal pyramid 
like that shown in figure 8-5a, the same general 
steps are followed. However, since one lateral 
edge appears in its true length in the front view, 
the limits of the other edges may be projected 
onto the line of this edr^e m order to determine 
the true lengths. The length of each edge is 
then measured, and this measurement trans- 
ferred to the development. 

Figure 8-54 shows the development of an 
offset transition piece. It is called OFFSET 
because the center of one end is not in line with 
that of the other end. The three parts consist 
of an upper section and a lower section, which 
are truncated rectangular prisms, and a third 
section, which is a truncated oblique pyramid. 

1. Draw the orthographic views, extending 
the lines of the sides of the pyramid to its apex 
in both views. (See view A of fig. 8-54.) 

2. Rotate the lines of the sides to the hori- 
zontal in the top view, project the points thus 
located to the front view, and draw the true- 
length lines. (See view B of fig. 8-54.) 

3. At one side of the views, develop the sur- 
face pattern of the oblique square pyramid. 
Construct one triangle at a time, taking the 
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Figure 8-53.— Development of a truncated pen- 
tagonal pyramid with the upper corners cut by 
a slanting plane. 



length of the three sides of each triangle firom 
the views. (See view C of fig. 8-54.) Draw the 
upper edges to complete the pattern. 

4. Draw the surface patterns of the upper 
and lower prisms, as shown in view D of figure 
8-54. 

The development of a cone is similar. It is 
considered to be a pyramid with an infinite 
number of sides. In actual practice, of course, 
the number of sides must be limited. Elements 
representing ttese sides are drawn on the 
orthographic views and projected to the de- 
velopment. The steps in developing a truncated 
right cone are illustrated in figure 8-55. 

The right cone has a centerline which is 
perpendicular to its base. Thus the elements 
on a right cone are all the same length. The 
true length of these elements is shown by those 
which fall to the extreme right and left in the 
front view, since these elements are horizontal 
lines in the top view. The cone in figure 8-55 
is cut by a slanting plane. Therefore, the termi- 
nation points of the elements between the two 
outside elements must be projected to one of the 
outside lines in order for their true length to 
be determined. 

1. Draw the orthographic views, including 
either a side view, as shown in view A of figure 
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Figure 8-54.— Development of an offset transition 

piece. 
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Figure 8-55. --Development of a truncated right 

cone. 



8-55, or an auxiliary view of the ellipse which 
Is formed by the slanting plane. Note that the 
center of the ellipse must be determined since 
it does not fall on the centerline of the cone. 
This center point is projected to the side view 
and defines the length of the minor axis of 
the ellipse. The length of the major axis is 
defined by the length of the slanting line in the 
front view. 

2. Develop the surface pattern of tti» cone, 
using the length f^om the apex to the base as a 
radius for drawing the arc. Step off on this line 
the equally spaced divisions of the base. Then 
measure each element individually and transfer 
this measurement to the development. The ends 
of each of these elements define the curve of 
the upper edge of the peripheral surface. (See 
view B of fig. 8-55.) 

3. Draw the circle of the surface of the base 
and the ellipse of the top surface attached to the 
peripheral surface as shown in view C of ^sure 
8-55. 



TRIANGULATION 
DEVELOPMENT 



Triangulation is slower and more difficult 
than parallel line or radial development, but 



it is more practical for many types of figures. 
Also it is the only method by which the develop- 
ments of warped surfaces may be approximated. 
In development by trlangulaUon, the piece is 
divided into a series of triangles as in radial 
development. However, there is no one single 
apex for the triangles. The problem, therefore, 
becomes one of finding the true iengths of the 
varying oblique lines. This is usually done by 
drawing a TRUE-LENGTH DIAGRAM. 

Figure 8-56 iUustrates the steps in the tri- 
angulation of a warped transition piece Joining 
a large square pipe and a smaller round pipe. 

1. Draw the top and front orthographic views. 
(See view A of fig. 8-56.) 

2. Divide the circle in the top view Into 
a number of equal spaces and connect the division 
points with the comers of the square, as shown 
in view B of figure 8-56. 




11.249(65)0 

Figure 8-56. —Development triangulation of a 
transition piece. 
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3. Transfer the division points to the front 
view, and draw the elements. Some of the tri- 
angles are slightly curved, but they may be 
considered as flat. 

4. Now the true length of each of these 
elements may be found by drawing a right tri- 
angle wit! . base equal to the length of an 
element of the top view and with an altitude 



equal to the altitude of the corresponding ele- 
ment on the front view. The hypotenuse of the 
triangle is the true length of the element. In 
view C of figure 8-56, the true-length diagram 
consists of only three rig^it triangles. Since the 
piece is symmetrical, a number c^the elements 
are the same length. 

5. Draw the surface pattern, constructing 
one triangle at a time. (See view D of fig. 8-56.) 




68.86 

Figure 8-57.— Development of a rectangular transition piece which is not a true pyramid. 
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Figure 8-57 shows the steps in developing 
a rectangular transition piece which is not a 
true pyramid because the extended lateral edges 
would not meet at a common vertex. This may 
best be developed by drawing diagonals which 
split the sides into two triangles. These 
diagonals are usually drawn as dotted lines to 
differentiate them from other elements. Then 
the true length of each element is found, and 
the surface pattern developed by constructing 
each triangle in turn. To find the true-length 
lines, a true-length diagram is drawn. 

X. Draw the orthographic views with the 
bend lines and the diagonals. (See view A of 
fig. 8-57.) 

2. Draw a true-length diagram of these 
elements. (See view B of fig. 8-57.) 



3. Draw the surface pattern by constructing 
one triangle at a time. (See view C of fig. 8-57.) 

The fitting In figure 8-58 has a warped s«ar- 
face. Its base is round and its top is oblong. 
The method for development consists of dividing 
the surface into quadrilaterals of approximately 
the same size, and then drawing a diagonal 
across each of these to produce two triangles. 
When the true lengths of these elements have 
been found, the surface pattern may be drawn, 
triangle by triangle. 

1. Draw the top and front orthographic views. 
(See view A of fig. 8-58.) 

2. Divide the circle of the base into a num- 
ber of equal spaces and the arcs at the ends of 
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Figure 8-58.— Development of a warped transition piece. 
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the oblong into half as many. Since the transi-^ 
tion piece is symmetrical on a central axis» 
this may be done on only half of the top view^ 
Connect these division points as shown in view B 
of figure 8-58. Use dotted lines for the diagonals 
to differentiate them. 

3. Project the division points to the front 
vlew» and draw the elements there. 

4. Draw tte true-'length diagram for the 
elements. (See view C of fig. 8-58.) 

5. Draw an approximation of the surface 
pattern of the warped surface by constructing 
one triangle after another. (See view D of fig. 
8^*58.) 



METOIC SYSTEM 

The Metric System is an extremely accurate 
universal system of weights and measures based 
on a unit called a METER and expi;essed in the 
decimal scale. In other words, it is a system 
based on units of ten making it a very un-* 
complicated system to work with. 

The names of metric denominations are 
formed by prefixing to the name of the primary 
unit of measure such as MICROmeter, MILLI«* 
meter, etc. 

Table 8'-4 explains the Metric System by 
showing nomenclature and giving the English 
measure equivalents. 



Tables 8-4, 8-5, 8-6, 8-7, 8-8, and 8-9 are on 
the following pages. 
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711.3 
637.6 
762.0 


787.4 ^ 

812.8 

833.2 

863.6 

8S9.0 


914.4 
939.8 
955.2 
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5.7874 
5.8268 
5.8661 
5.9055 
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6.1417 
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3. 1490 
3.1890 
3.2283 


3.2077 
3.3071 
3.3405 
3.3858 
3.4252 


3.4046 
3.5039 
3.5433 
3.5827 
3.6220 


3.6C14 
3.7008 
3.7402 
3.7795 
3.8189 


3.8583 
3.8976 
3.9370 
3.9764 
4.0157 


4.0651 
4.0945 
4.1339 
4. 1732 
4.2126 
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4.2913 
4.3307 
4.3701 
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2.2441 
2.2835 
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> 2.4016 
2.4409 
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Table 8-5.— Mathematioaji Symbols 



SYMBOL 



X 

( ) 

[ ] 
{} 

% 



< 

s 
> 



Grouping 
symbols 



NAME OR MEANING 

Addition or positive value 

Subtraction or negative value 

Positive or negative value 

MultipUcaUon dot (Centered; not to 
be mistaken for decimal point.) 

Multiplication symbol 

Parentheses 

Brackets 

Braces 

Vinculum (overscore) 
Percent 

Division symbol 
Ratio symbol 
Proportion symbol 
Equality symbol 
"Not equal" symbol 
Less than 

Less than or equal to 

Greater than 

Greater than or equal to 

"Varies directly as" or "is propor- 
tional tc" (Not to be mistaken 
for Greek alpha (a).) 



SYMBOL NAME OR MEANING 

•nT Square root symbol 

Square root symbol with vinculum. 
Vinculum is made long enough to 
cover all factors of the number 
whose square root is to be taken. 

'V" Radical symbol. Letter n repre- 
sents a number indicating which 
root is to be taken. 

i or j Imaginary unit; operator J for elec- 
tronics; represents V^. 

« Infinity symbol 

Ellipsis. Used in series oS num- 
bers in which successive num- 
bers are predictable by their 
conformance to a pattern; mean- 
ing is approximated by "etc." 

log. N Logarithm of N tu the base a. 

log N Logarithm of N to the base 10. 
(understood) 

In N Natural or Napierian logarithm of N. 

Base of the natural or Napierian 
logarithm system. 

I X I Absolute value of X. 

^ Pi. The ratio of the circumference 
of any circle to its diameter. 
Approximate numerical value is 
22/7. 

Therefore 

Lor<^ Angle 



68.218 
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Table 8-6. — Table of Decimal Eqiiivalents of Fractions of an Inch 



1/64 

1/32- — 

3/64 

1/16- — 


0.0156 
.0313 
.0469 
.0625 


17/64 — 

9/32 

19/64— 
5/16 


0.2656 
.2813 
.2969 
.3125 


33/64— 
17/32— 
35/64 — 
9/16- — 


0.5156 
.5313 
.5469 
.5625 


49/64 — 
25/S2— 
51/64 — 
13/16 — 


0.7656 
.7813 
.7969 
.8125 


5/64 

3/32 

7/64 

1/8 


.0781 
.0938 
.1094 
.125 


21/64— 
U/32 — 
23/64 — 
3/8 


.3281 
.3438 
.3594 
.375 


37/64— 
19/32 — 
39/64 — 
5/8 


.57»J1 
.5938 
.6094 
.625 


53/64— 
27/32 — 
55/64 — 
7/8 


.8281 
.8438 
.8594 
.875 


9/64 

5/32 

11/64 — 
3/16 


.1406 
.1563 
.1719 
.1875 


25/64 — 
13/32 — 
27/64 — 
7/16- — 


.3906 
.4063 
.4219 
.4375 


41/64 — 
21/32 — 
43/64 — 
11/16 — 


.6406 
.6563 
.6719 
.6875 


57/64— 
26/32 — 
59/64 — 
15/16 — 


.8906 
.9063 
.9219 
.9375 


13/64 — 

7/32 

15/64 — 
1/4—- 


.2031 
.2188 
.2344 
.25 


29/64— 
i5/32 — 
31/64— 
1/2 


.4531 
.4688 
.4844 
.5 


45/64— 
23/32 — 
47/64 — 
3/4 


.7031 
.7188 
.7344 
.75 


61/64 — 
31/32 — 
,,3/64 — 


.9531 
.9688 
.9844 
1.0 



142.1 
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CHAPTER 9 

BLUEPRINTS AND LAYOUTS 



When you became a striker for Pattern- 
maker you inrobably spent your first day in the 
shop Just looking around. You watched the men 
in the shop do the many varied Jobs. Did you 
notice that all of the men in the shop who were 
laying out worl- were doing so from some sort 
of plan? This plan may have been a sketch, a 
drawing, a blueprint or a layout. In order for 
you to lay out work, you will have to be able 
to read these plans, "nd as you advance you will 
be expected to make sketches and drawings. 

The Rate Training Manual, Blueprint Reading 
and Slcetohing, NaVPERS 10077>C, chapters 1, 
2, 3, and 6 will give you information on funda- 
mentals that you must master before proceeding 
with this chapter. 

This chapter deals primarily Mrith blueprints 
and layouts as used by the Patternmaker and also 
contains additional information regarding visual- 
ization, freehand sketching, and making a layout 
from a casting. 

The following terms are defined from the 
Patternmaker's point of view: 

A SKETCH is a rough outline of an object 
from which a pattern is to be constructed, 
given dimensions and details of the Job to be 
done. Such information as angles to be us^, 
and type of material required are inoliKled in 
the sketch. 

A DRAWING is similar to a sketch, but it 
is made with mechanical drawing instruments 
and it is drawn to scale. 

A BLUEPRINT is a duplicate of a drawing 
or sketch. Usually, only accurate drawings are 
blueprinted. These blueprints are furnisbdd by 
the manufacturers of tne machinery installed 
aboard your ship, and also by the bureaus 
concerned with the building and maintenance of 
the ship on which you are serving. 

A LAYOUT is generally a duplicate of a 
sketch, drawing, or blueprint which includes 
object lines and cenierlines but omits hidden 
Unes» dimension lines* and notes. The term 



"layout** is also used to describe an ortho- 
graphic plan (to be used as a pattern) developed 
from dimensional data rather than a sketch, 
drawing, or blueprint. A layout is made full-size 
and is as accurata as possible. In patternmaklng, 
a layout is a full-sised drawing of a pattern 
made with the ai^opriate shrinkage rule and 
showing pattern construction and core ar- 
rangement. 



PURPOSE AND USE 
OF BLUEPRINTS 

The design engineer is constantly working 
on plans for new machines or plans to improve 
existing machines. Much of his work is ac- 
complished through mathematics and mechanical 
drafting. Mathemidios is used to calculate the 
strength of the parts and to determine their 
dimensions. Mechanical drafting is the means 
by which the shape, dimensions, kinds of 
material, finish, and all other details of the 
parts were recorded. 

It would be almost impor 3lble for the design 
engineer, using words alone, to convey his ideas, 
thou^its, calculations, and dimensions to the 
many users of blueprhits in the construction 
oi a new machine. However, throuj^ mechanical 
drafting, it Is possible to record in the form of 
drawings (blueprints), every item of information 
necessary for the construction of the machine. 
Mechanicfid drafting, then, is really a special 
language and is defined as follows: *'A language 
which uses lines, symbols, dimensions, and 
notatioos to accurately describe the form, size, 
kind of material, finish, and construction ot 
an object.** 

BLUEPRINTS, also called prints, make it 
possible for you to understand what is wanted. 
In a comparatively little space, they give a great 
deal of information in a universal language that 
everyone may recognize. Even a foreigner who 
does not understand En^sh may read and work 
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:^oiii your blueprints* and you may do the same 
with his prints. 

VISUALIZATION 
OF BLUEPRINTS 

As a PM3 or PM2, you must have the ability 
to interpret blueprints correctly and to visualize 
the size and shape of an object in all its pro- 
portions and in its fine details. You must be 
able to see beyond the blueprint and to visualize 
a pattern which very often will not look even 
remotely like what you see on the blueprint. 

The act of forming a mental image of an 
object described on a flat plane (orthographic 
projection) into a three-dimensional shape, is 
called VISUALIZATION. In other words, vis- 
ualization is the act of recognizing the shape 
of a three-dimensional object when all you have 
to go by is a flat drawing. 

Some people find it easy to visualize three- 
dimensional objects from flat drawings: other 
people find it difficult. The ability to visualize 
can be greatly developed by continued practice. 
Before you can even practice visualization, you 
must of course be able to read and write the 
language of the trade— that is, blueprints and 
drawings. Then, through constant practice, you 
can develop a creative imagination that will 
enable you to visiialize three-dimensional shapes 
from flat drawings. 

TYPES OF BLUEPRINTS 

As a Patternmaker, you are a member of a 
team working to achieve a common goal (a 
soum*, usable casting) throu^ the use of draw- 
ings and blueprints. For example, on board a 
repair ship or tender a drawing may go to the 
Patternmaker (PM) whose job it is to make 
patterns of a part in wood, metal, plaster, or 
plastic. These patterns are used by the Molder 
(ML) in making molds for rouf^ castings. These 
castings must be finished in the machine shop 
by the Machinery Repairman (MR). Sometimes 
a drawing may go directly to the Hull Maintenance 
Technician (HT) who will forge the part in the 
blacksmith sh(^, or weld or braze a series 
of castings together to make the final product. 

Ot the many types of blueprints you will 
use aboard ship, the simplest one is the PLAN 
VIEW. This is a blueprint which shows the 
position, location, and use of the various parts 
of the ship. You will use plan views to find your 
duty and battle stations, the sickbay, the barber 
shop, and other parts of the ship. 



In addition to plan views you will find aboard 
ship other blueprints called ASSEMBLY PRINTS. 
UNIT or SUB-ASSEMBLY PRINTS, and DETAIL 
PRINTS. These prints show various kinds of 
machinery and mechanical equipment. 

ASSEMBLY PRINTS show the various parts 
of the mechanism, how the parts fit together, 
and their relation to each other. 

Individual mechanisms, such as motors 
and pumps, will be shown on UNIT or SUB- 
ASSEMBLY PRINTS. These show location, shape, 
size, and relationships of the parts of the sub- 
assembly unit. 

Assembly and sub-assembly prints are used 
to learn operation and maintenance of machines 
and equipment. 

The Patternmaker and the Machinery 
Repairman will be most interested in the DETAIL 
PRINTS. These prints will give you all the 
information you need to nuike a new part. They 
show size, shape, kind of material, and method 
of finishing. You will find them indispensable 
in your work. 

Occasionally, the Patternmaker may work 
from an orthographic drawing or blueprint called 
a PATTERNMAKER'S BLUEPRINT or a 
CASTING DRAWING. A blueprint of this ty.je 
is made as a single drawing of the unmachined 
casting. A Patternmaker's blueprint shows 
several things that an ordinary detail blueprint 
does not show: for example, a Patternmaker's 
blueprint shows allowances for m ac h i n ing, core 
prints, draft, location of dowels, parting line 
of the pattern, radii, and fillets as cast, shrink 
rule to be used, pattern material, and naaterial 
from which the casting is to be made. Similar 
drawings or blueprints may also be made for 
the core boxes. 



Blueprint Colors 

Blueprints are exact copies of mechanical 
or other types of drawings. A MECHANICAL 
DRAWING is one made with instruments such as 
compasses, rules, and dividers. Blueprints, or 
prints, as they are often called* are made 
from these drawings in much the same way that 
photographs are made ^om negatives. 

The negative for the blueprint is known as 
a TRACING. It is made by placing a sheet of 
trans Itusent tracing paper or cloth over 'ihe 
drawing. Everythiii«; on the drawing is traced 
on the tracing paper or cloth with Uaok water- 
proof ink or a special black pencil. After the 
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tracing is completed, it Is checked, and the 
oritfinal drawing Is filed for future use. Some 
drawings are made oirectly on the tracing 
ma'cerial in pencil and then traced with ink or 
with the special black pencil. 

Next, the tracing lo covered with a sheet 
of sensitized light-gro^n blueprint paper and 
placed in Has blueprinting machine, with the 
tracing towiird the source of light. The sen-* 
sltlzed side of the blueprint paper must also 
be toward the source of light which penetrates 
the tracing at all parts not covered by lines 
and causes a chemical action on the blueprint 
paper. There Is no chemical action under the 
lines of the tracing because the black lines 
block off the Ught. 

After proper exposure, the senslUzed paper 
is removed and washed in a developing solution 
and then in clear water. The exposed portions 
of tlie sensitized paper turn a deep blue during 
the washing. The lines are white. 

Any number of prints can be made from one 
tracing If it is handled carefully. When e large 
number of prints are required, they are made 
in a blueprinting machine, but the same principle 
is Involved. 

Blueprints aren't always blue. All kinds of 
reproduced drawings are comni'^ily referred to 
as blueprints or prints. They may be white, 
brown, black, gray, or other colors. The dif- 
ferences lie in the kinds of papers used and 
in the development processes. 

BLACK-AND-WHITE PFINTS have black 
lines on white background. 

AMMONIA PRINTS, or OZALIDS, have black, 
maroon, purple, or blue lines on white back- 
ground. 

VAN DYKES have white lines on dark brown 
background. 

NEGATIVE PHOTOSTATS have white lines 
on dark gray background. 

Regardlesj of the color, you will have lo 
become expert in reading the prints cA in 
visualizing their object. This skill is a MUST 
if you are to succeed as a Patternmaker. 

Care of Blueprints 

Blueprints are not Just scraps of paper. 
They are valuable permanent records and can 
be used again and again If you take care of 



them. Here are a few simple rules for getting 
the best results from them: 

1. Keep them out of strong sunli^t— they 
might fade. 

2. Do not allow them to get wet or grease- 
smudged. 

3. Do not make pencil or crayon notations 
on a print without proper authority. If you should 
get instructions to mark a blueprint, use a 
pencil with colored lead which can be easily 
seen against the background. Ordinary (black 
lead) pencil marks are hard to see on a colored 
background. Yellow is generally a good color 
to use on blueprints. 

4. Never measure distance on a blueprint. 
If you cannot find a dimension on one view, 
look at another view, ^f you still can't find it, 
ask someone who knows. Why not measure? 
Because the original mechanical drawings might 
not have been drawn exactly to scale, or the 
print may have shrunk or stretched. 

5. Keep your blueprints stowed in their 
proper place so that they can be readily located 
the next time you want to refer to them. 

READING A BLUEPRINT 



Reading a blueprint is the act of recognizing 
and applying the principles of ORTHOGRAPHIC 
PROJECTION to interpret the shape of an ol^ect 
from orthographic views. Orthographic projec- 
tion is a method of describing the shape of an 
object by two or more views on planes which are 
perpendicular to each other. An oi-thographic 
projection is so arranged that each view shows 
the object from one direction, while a combina- 
tion of two or more views show the complete 
object. 

It is easy to draw a single two-dimensional 
view cf one side of a cube. Since you know that 
each side is square, a single square drawn to 
scale will describe any side. Now, in order to 
show that the object is a cube instead of a plane 
figure, you will have to draw at least two sides 
of it. The indicated relation of these two sides 
to each other on the drawing is what is meant 
by orthographic projection. In other words, 
orthographic projection is the means for showing 
the relationship of all sides of an object. (See 
fig. 9-1.) 

"Third-angle orthographic projection is the 
standard for mechanical drawings." To under* 
stand what this means, imagine that you have 
a c iblcal box made of transparent material. 
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65.19(68) 

Figure 9-1.—/.. Perspective drawing of a cube. 
B. Two sides of the cube In orthographic pro- 
jection. 



Now imagine that a cube is suspended in the 
center of this transparent box. If you draw 
dashed lines from the corners of the cube 
toward one side of the box as shown in fig^e 
9-2, you will see that each comer forms a 
point on the surface of the box. If these points 
are connected by straight lines, you will have 
a square exactly the same as the sqim<i face 
of the cube. 

If you do this to all six sides of a solid cube, 
you will have projected images of Its sides on 
the transparent box, as shown in part A of fig- 
ure 9-3. NoW, if yoti cut the transparent box 
apart and partially unfold it, it will appear as 
shown in part B of figure 9-3. Completely 
unfolded and laid flat as if it were a drawing, 
it will appear as sh jwn in part C of figure 
9-3. This is third-angle projection. 

Notice that dashed lines drawn from the 
corners of one view in part C of figure 9-3 
project to the comers of an adjacent view. 
Since it is impractical for a draftsman to use 
a transparent box in projecting the image of 
an object, he uses this method instead. The 
lines used to carry over the dimensions from 
view to view are called CONSTRUCTION LINES. 

The arrangement of the views \n figure 9-3 
is the usual one. However, the rear view may 
be shown as if it were hinged to the left profile 
plane or to the top or bottom planes, as well 
as to the right profile plane. Even If you draw 
only two or three views of an object, arrange 
them in the relation in which they appear in 
figure 9-3. 




68.65 

Figure 9-2. — Projection of one side of a cube. 
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Figure 9-3.— Third-angle orthographic projection. 
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GUN DIRECIOR MKlXXUMOIX'S 

SHIELD MARK I 

RANGE-FINDER PORT COVER :■ 
^DETAILS ' 



Take a Patternmaker's look at the blueprint 
of a hinge for a piece of fire control equipment. 
(See figs. 9-4 and 9-5*) It is typical of the kind 
of repair jobs you will very likely get aboard a 
repair ship or tender. As you look at this or any 
other print, try to get all the possible answers 
to these questions: 

1. What is the size, form, and nature of the 
object and what is its relation to the other parts? 

2. What pattern construction will produce the 
best casting? 

Look at the title block of the blueprint first. 
It will give you, in most cases, much information 
about the Job you are working on* Figure 9-4 
shows the title block of the blueprint that includes 
th9 drawing of the hinge. The hing^, as indicated 
• y the title block, is used for the rangefinder 
I. u*t .over and cover shaft of a gun director. 
' is to be made of phosphor bronze, grade 
2 ^46-f'-5), and is a moving part. The scale 
of the drawing is full-size (1/1) and half-size 
(1/2) anci chat knowledge is of value in visualizing 
^he object. 

While looking at the title block, notice also 
its ''revisions** column. Be especfilly on the 
alert for any blueprint changes tha : have been 
made in tha field, even if they have not Deen 
marked in the title block. 

Be sure to determine from the title ulock 
WHAT METAL is to be used for the casting. 
Many patterns and castings have been made 
incorrectly when this basic point has been over- 
looked. Metals do not contract alike and each 
pattern must be made with a specific metal in 
mind. Bronze alloys, for example, will shrink 
and contract about 5/32 or 3/16 inch per foot* 
The proper shrink rule for the specific bronze 
alloy m'ist be used or all measurements of the 
hlngp layout will be wrong. 

Figure 9-5 is a reproduction of the blue- 
print of the hinge. These two views give you the 
shape and size of the finished casting of the 
hinge. Study the views carefully, and as long as 
necessary, in order to establish or visualize 
the shape and proportions. Train yourself in 
picking out the major characteristics or features 
of each vie*y. Try to pick out the basic design 
of the object and temporarily eliminate sub- 
ordinate parts, such as strengthening ribs, from 
your analysis. By following the outline or visible 
lines particularly, and by studying the two views 
of this drawing, vou should be able to come up 



45.159(68) 

Figure 9-4. — Title block. 



with a mental picture of the hinge. Observe the 
dimensions closely in order to get the correct 
starting and ending point of each measurement. 
Study the sectional view to better understand 
the text end of the hinge. 

Read all the notes that you find on a print. 
i\Iost of the instructions will be for the Machinery 
Repairman so that he may machine the casting 
to the desired finish and dimensions. You will 
have to provide some added finish allowance 
for all surfaces that are to be machined later 
by him. Be sure you understand the machine 
finish symbol and any other symbols on the 
print. A machine finished surface is designated 
in several ways on a blueprint: by the older 
symbol f, or the newer symbol V, or by speci- 
fying the tolerance under the dimensions in 
question, such as 

.75'' 
(+.005") 
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Figure 9-5. — Blueprint of a hinge. 



23.27(68)A 



The finish marks used on a blueprint show 
what surfaces are to be machined or they may 
indicate the varying degrees of exactness, the 
character, or quality of the finish. The common 
practice is to place a letter f so that its cross- 
line intersects the line on the drawing requiring 
finish, followed by a number or symbol selected 
to represent different degrees of finish or 
smoothness. When these numbers or symbols 
are used» the finish is represented by a code 
placed directly on the blueprint. The code used 
in one blueprint will be applicable to that blue- 
print only* On another blueprint, the same 
numbers ar symbols may have a different 
meaning. Table 9-1 gives typical examples of 
the finish designations used on Navy blueprints, 
followed by a recommended allowance for each 
type of finish. 



In some cases, words are used to indicate 
finish. The following definitions should be used: 

Meaning 



Term 
••Cored'^- 

••Cast Finish*^- 

••Tool Finish*'- 

••Bore or Bored*'^ 

••Turned'^- 
••Hone or Honed'* 



The hole Is left 
as cast* 

Surfaces Indicated 
are left as cast* 

Machine finish Is 
required* 

Machine finish is 
required* 

Machine finish is 

required* 
Machine finish is 

required* 



283 



ERLC 



PATTERN M.VKER 3 & 2 



Table 9-1. — Finish Desigiations on Navy Blueprints 



Preferred 
Symbols 


Meaning 


Finish 
Allowance 
(inches) 


Alternate Symbols 




Rough Tool Finish 


1/8 


1 


Fr. 


FIN. 


TF. 




Fine Tool Finish 


1/8 




F. 


Fs. 


SF. 


Fj 


Grind a inish 


1/8 


^3 


Fg. 


Gr. 






Polish 


1/16 


XT 


Bx. 


Bun 






Drill 


1/8 


^5 


Dr. 








Ream 


1/8 


^6 


Rm. 








File Finish 


1/32 




£f. 


Ff. 




^8 


Scrape 


1/64 




scr. 








Spot Face 


1/32 


V9 








Finish All 
Over 








F.A.O. 




f.a.o. 



68.187 



If a part is to be machined all over, a note, 
such as, ••Finish All Over/' 'T.A.O.'^ or 
•'f.a.o/* may be used and the finish numbers 
and symbols may be omitted. 

After you have completed these steps, have 
smalyzed the ixrint as much as necessary, and 
know the shape and size of the object, you are 
then ready to study the print further and reach 
a decision on the pattern construction. You 
must consider what type of pattern is the most 
practicable to build and also the easiest to 
mold, and to finish. This is perhaps the most 
difficult as well as the most important phase 
of your job as Patternmaker. 

According to figure 9-5, there are no pres- 
sure^ tight chambers, channels, pockets, or voids. 
Thus, coring presents no problems. Another 
factor in determining the pattern construction 
is the number, size, and purpose of the 
subordinate parts of the basic casting. The 
hinge does not have any loose pieces and the 
strengthening rib may be considered as sm 



integral part of the casting* If you select the 
parted pattern type of construction, you will 
have to determine where the parting line is to 
be located. Where the parts of the pattern 
separate is an important frctor in the deter- 
mination of the molding position and arrangement 
of the pattern. In many cases, tal\ing it over 
with the Molder will help in making the best 
decision. 



FREEHAND SKETCHES 

Once in a while you will receive a hand- 
drawn sketoh to use as the basis of a pattern 
layout. There are two major differences be- 
tween a sketoh and a blueprint of a finished 
drawing: (1) a finished drawing (of which the 
blueprint is merely a copy) is made with draw- 
ing instruments, while a sketoh is usually drawn 
freehand; (2) the views on a finished drawing or 
print are drawn to scale while the dimensions 
on a sketoh may or may not be drawn to scale* 
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It is important to remember these differences 
when you are working with a sketch. 

To make a freehand sketch, you need paper, 
pencil, and eraser. A 2H pencil may be used or 
a common No. 2 pencil. Cross-section paper 
like that used in making graphs or charts is 
helpful. You can assign a value to a square, so 
that it is easier to draw your sketch to rough 
scale. (See fig« 9-6.) 

To make a working sketch directly from a 
machine part, you will need special instruments 
to meastire the part* The drafting scales are 
too delicate to use on machinery. If the meas- 
uring edge of the drafting scale is nicked, any 
measurements taken from it when you are 
drawing may be inaccurate. 

In measuring parts of machines, a steel 
machinist's rule Is useful. For cabinet work, 
use a carpenter's rule. CALIPERS are in- 
valuable for making accurate measurements of 
machinery or tools. The curved legs of the 
outside calipers make is possible to reach 
places where the rule cannot be used. Inside 
calipers are adapted to measuring the width of 
holes or gaps. 

Calipers can be used for taking measure- 
ments which are accurate to within 1/64 of 
an inch. It takes some practice, however, to 
develop the right ''feer' required for taking 
measurements this accurate. When measure- 
ments of a cylindrical piece are taken with 
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outside . calipers, the calipers should just touch 
the piece but be free to slide over it under 
their own weight. When you measure holes with 
inside calipers, be sure the measurement Is 
taken in a plane exactly perpendlcxUar to the 
axis of the hole. 

TECHNIQUE 
OF SKETCHING 

In freehand pencil sketching, draw lines with 
a series of short strokes, instead of trying to 
draw each line with one stroke. Using short 
strokes, you can better control the direction 
of your line and the pressure of your pencil 
on the paper. 

In sketching lines, swing your hand in the 
direction your line shouTd go and back again a 
couple of times before you touch your pencil 
to the paper. In this i ^y, you get the feel of 
the line. In sketching lung lines, place a dot 
where you want the line to begin and one where 
you want It to end. Then use these dots to 
guide your eye and your hand as you draw 
the line. 

Keep youi freehand sketch neat. To do this, 
sketch your Unes lightly first. Lines which are 
not essential to the drawing can be sketched 
so lightly that It Is not necessary to erase them. 
Essential lines can be darkened by runnl-^ the 
pencil over them with more pressure after they 
l.ave been drawn lightl' first. 

Perfectly round circles are one of the most 
difficult things to draw freehand* Figure 9-7 
shows methods of drawing circles and curves 
using straight lines as construction lines* First 
draw two straight lines crossing each other at 
right angles, as In part A of ligure 9-7. The 
point where they cross will serve as the center 
of the circle. The four lines radiating from 
this center will serve as the radii of the circle* 
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68.67 

Figure 9-6.— Working sketch on cross-aectlon 

paper. 



65.41 



Figure 9-7.— Sketching circles. 
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You r an use a piece of marked scrap paper to 
measure an equal distance on each radius from 
the center* Sketch a square^ with the center of 
each side passing through the mark defining a 
radius. (See part B of fig. 9*7.) Now sketch 
in your circle, using the angles of the square 
as a guide for each arc. 

In parts C and D of figure 9-7, four lines, 
instead of two, are sketched crossing each other. 
The radii are measured as in constructing the 
other circle, but the square is not added before 
the circle is drawn. 

Figure 9-8 shows a convenient way of sketch- 
ing arcs, tangent arcs, and curves by blocking 
them In with straight lines. 

When you are drawing a part, such as that 
shown in figure 9-9. don't start at one corner 
and draw it detail by detail and expect it to 
come out with the various elements in correct 
proportion* It is better to block in the overall 
shape of the object first. (See part A of fig. 




Figure 9-8. — Sketching curves. 




B 




I 



9-9.) Then draw light guidelines at the correct 
angle for the various outlines of the object. 
(See parts B and C of fig. 9-9.) Finish the 
sketch, by lirst making an outline of the ob- 
ject, and then drawing in the details, as shown 
in part D of figure 9-9. 

ORDER OF WORKING 
A F .EEHAND SKETCH 

If you are assigned to make a working sketch 
from a machine part or a mtidel, first choose 
a clean sheet of paper, either plain or ruled. 
Estimate the size the sketch should bei and 
select the views which will give the best picture 
of the object. Then draw the orthographic pro- 
jections of these views, leaving adequate ^pace 
between them for dimensions. 

When you draw the views: 

1. Sketch in centerlines, as shown in r .rt 
A of figure 9-10. 

2. Block in the views. 

3. Sketch in the outlines, aligning \>f n as 
in part B of figure 9-10. 

4. Draw the details on the surface of the 
views. 

5. Darken the lines of the finished drawings 



65.42 




r 



- t^i.r 



(in 



1 i j : I 



-1 



65.44 

Figure 9-9. — The use of construction lines in 
sketching an object. 



65.44.0 

Figure 9-10. — Progress of a working sketch. 
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6. Use an artgum or a kneaded eraser to 
erase the eonstruction lines which are no longer 
needed* 

7. Draw all necessary <^*xtension and dinion- 
slon lines » 

8. Letter in the di^uPSions. (See part C 
of tig. 9-10.) 



MAKING PATTERN LAYOUTS 

You will remember that a blueprint is a 
copy of a drawing made to scale with the 
conventional drawing instruments. Vou, as a 
Patternmaker, mist redraw the part to be cast 
to full-scale, using an appropriate shrink rule. 
For maximum precision use a bench knife to 
scrif)e the lines of the requii^ed views on a 
pattern layout l>oard. Be sure to consider the 
specific molding* requirements such as sl^urink- 
ages, finishes, parting cores, core prints* and 
loose pieces, if applicable. Dimensions and 
blueprint notes are not usually shown on a 
pattern layout. Only those full-scale views that 
are necessary to the construction of the pattern 
are shown on the pattern layout. You will lind 
that drawing the layout helps you to visualize 
the size and shape of the casting and also helps 
you to outline a definite plan for beginning 
your pattern construction. The layout enables 
you to project centerlineis: arid construction 
lines directly onto the p:irtially constructed 
pattern during various stages of construction* 
The layout also helps you to Vnake appropriate 
templates and to check the completed pattern 
and core box {if required) for accuracy* 

Most Patternmakers consider a layout as the 
stepping stone from the blueprint to the pattern. 
When they have finished the layout, they use 
it to make the pattern,, thus considerably reducing 
the number of times that it is necessary to 
refer to the blueprint. 

In making a pattern layout, you should use 
a dry board. If possible it should be of white 
pine. The board should also be a little larger 
than the actual size of the drawing* Smooth the 
face of the board and square one edge for use 
as a working edge from which you will make 
most of your basic measurements. DO NOT 
sand the surface of the layout board because 
the abrasive particles of the sandpaper will 
become imbedded in the layout board and will 
cause the layout tools to become dull . 

Check the surface with a straightedge for 
wind and warp. For jobs requiring a layout 
board wider than 10 inches, reinforce the board 



with battens to prevent warping. If the layout 
board is not properly prepared, your pattern 
layout will not have the required accuracy. 

U\YOUTS 

FROM BLUEPRINTS 

In making a layout of a pattern from a 
blueprint, you will usually find that all the 
dimensions you need are indicated on the print. 
The men who design and draw blueprints are 
fully aware of the importance of all the necessary 
dimensions being shown in prints. There will 
be very few times when you will have to figure 
it out foi yourself. 

Referring to figure 9-5, you are now ready 
to scribe the horizontal centerllne of the lower 
boss on the layout. This is the basic reference 
line from which other measurements are to be 
made and mast, therefore, be scribed with great 
precision. Hold the marking or panel gage flush 
against the working edge of the board and scribe 
thi3 horizontal centerline in the direction of 
the grain of the wood* Allow adequate space 
on the board for the required views to be 
drawn. With tlie aid of a combination square, 
scribe the vertical centerline at right angles to 
the horizontal centerline. Be sure that the bench 
knife is especially sharp to avoid tearing the 
wood fibers as you scribe across the grain of 
the wood. After scribing these basic reference 
lines, blacken them with a wedge-pointed or 
chisel-pointed lead pencil. 

Select the proper shrink rule for bronze. 
To avoid any mistakes, stow away all other 
rules except the one you are using for the layout* 
Use the shrink rule to locate the left vertical 
centerline as shown in figure 9-11. 

Notice that the measurement is 5 inches 
to the left of the right centerline. These two 
centerlines will be used to obtain the center 
points of the bosses, the cylindrically shaped 
projections, which are the outstanding features 
of the hinge pattern* Cut the lines deeply and 
sharply and fill them in with a black pencil. 
As a trick of the trade in measuring, it should 
be mentioned that some Patternmakers DO NOT 
use the first or last inch graduation markings 
on the shrink rule as shown In figure 9-11* 
It is believed that wear on the ends of a shrink 
rule may result in an inaccurate measurement* 
This is more or less a matter of individual 
preference. Whenever this is done extreme care 
should be taken to ensure that proper lengths 
are measured from the starting, reference point 
on the rule. 
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Continuing the layout: Scribe the 1-^inch 
diameter boss on the left and the 1 1/4-lnch 
dianioter boss on the right, using a pair of 
dividers. The right boss Is 1 7/10 inches above 
the left boss* This is illustrated in figure 9-12. 
(Note: When transferring a decimal measure- 
ment from the blueprint to the layout^ check the 
table of decimal equivalents for the nearest 
fractional measurement in 1/64 above the dec- 
imal measurements. In other words, 7/10 Inch 
is approximately 0.703125 inches on the table 




68.68 

Figure 9-11. — Locating the left centerline. 




68.69 

Figure 9-12. — Scribing bosses. 



of decimal equivalents, or 45/64 inches.) The 
next step is to locate the point for scribing 
the curved portion of the right end of the pattern. 
This point is 7/10 inch from the horizontal 
centerline of the right boss^ It is also 1 1/8 
inches left of the vertical centerline (1 inch 
from the outside of the rib plus 1/8 inch from 
the center of the rib). Locate this point with a 
combination square and a panel gage as shown 
in figure 9-13. 

Set a divider at 1/2 inch, 1 inch, 1 1/4 inches, 
and 13/4 inches and scribe the outline and rib 
curves in this sequence. Now scribe vertical 
lines tangent between these curves and the boss. 
This completes the outline of the right end of 
the pattern as shown in figure 9-14. 

Ooublecheck your work as you make each 
measurement because it Is very difficult to 
locate mistakes if you wait until the entire 
layout is completed before checking your meas** 
urements. Blacken the knife lines as you proceed 
with the layout so that the form and shape of 
the pattern will stand out prominently. 

Scribe a top outline line tangent to the curve 
previously scribed on the right end to a point 
3/8 inch above the center point of the left boss^ 
Scribe a bottom outline line in f same way 
to a point 3/8 inch below the cent? )oint. The 
outlines of the rib are scribed f: i>oints 1/8 
inch above and below the cente oint of the 
left boss and tangent to the rib arves pre- 
viously scribed. 




68.70 

Figure 9-13. — Locating the point for scribing the 
curved portion of the right end of the pattern. 
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Xext» scribe the outline of the left end of 
the pattern. The 2-inch (Ui surface is scribed 
at a point 6/10 inch above the boss center. The 
round edges are scribed at radii of 1/20 inch 
except for the point where the blueprint indi- 
cates a 1/10-inch radius. Figure 9-15 shows 
the completed outline of the left end of the 
pattern. 

Using the blueprint dimensions and the verti- 
cal lines of the top view, scribe the side view 




23.27(68)B 

Figure 9-14ii— Completing the outline of the right 
end of the pattern. 




23.27(68)C 

Figure 9 -15. — Completing the outline of the left 
end of the pattern. 



of the hinge on the layout. This is shown in the 
bottom view of figure 9-16. 

So far the layout has been mostiy a repro- 
duction of the blueprint made with a shrink 
rule. But now you must consider whgit additional 
features the layout and pattern must have to 
aid in the making of the mold. Two features, 
the parting line and the machine finish allow- 
ance, are needed in the layout of the hlngp* As 
there are no holes to be r ,t in the hinge, cores 
are not used in this case 

In laying out a patt* you must also con- 
sider the easiest and quickest method of removing 
the pattern from the sand so that production 
will not be delayed. 

There are no set rules for establishing 
parting lines as they are determined primarily 
by the nature of the casting to be made. For 
our sample layout then, it has been decided 
that the best plsn is to spilt the hinge pattern 
with the parting line coming in the middle. 
A heavy line with two arrows pointing inward 
at each end ( ) 
is used to represent the parting line on the layout 
as shown in figure 9-17* 

Now indicate on the layout wliere additional 
thickness must be added to the blueprint di- 
mensions wherever the metal Is to be machined 
later. This machine finish allowance is indicated 
by darkening or coloring the required allowance 
as shown in figure 9-17. The amount of allow- 
ance that is added varies for the different 
metals* In average cases, 3/16 Inch to 1/4 
inch is allowed for steel castings* For most 




23«27(68)D 

Figure 9-l6*~Layout of the side view completed. 
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23.27(68)£ 

Figure 9-17. — Parting line established and 
finishes added. 



the castings are made» the layout and the j^atterii 
are usually stowed in the pattern storage area 
for future reference, if storage space is 
available. 

One note of caution must loe mentioned con- 
cerning the construction of a pattern from a 
layout. As a general rule, draft is NOT shown 
on the layout and you must remember to include 
it all the tima you are building the pattern. The 
exact amount of draft allowance depends upon 
the specific job and is often decided upon in 
conference with the Molder. Sufficient draft 
must be provided to facilitate the withdrawal 
of the pattsm from the mold. On small, straight 
patterns the us«»;a draft allowance is 1/8 inch 
per foot. On a pattern 3 inctes deep, you will 
use approximately a 1/32-inch draft allowance. 

LAYOUTS 
FROM CASTINGS 



cast iron castings, 1/8-inch finish allowance is 
sufficient. For brass, bronze, and aluminum 
alloys. 1/16-inch finish allowance is generally 
satisfactory. It is a good practice to check with 
the machine shop and tind out how much allow- 
ance for finishing they want on their castings. 

MVhenever possible, design the pattern so 
that the machine finish surfaces will be cast 
in the drag. If some machine finish surfaces 
are to be cast in the cope, provide an extra 
allowance so that the casting can be machined 
to a greater depth to remove any sand or 
impurities that may have floated to the top of 
the casting. 

Shellac the completed layout to keep the 
layout clean* As an extra precaution, the entire 
layout, including the edges of the layout board, 
should be shellacked to prevent warpage. Before 
getting started on the actual construction of the 
pattern, you must check the completed layout 
against the blueprint. Check all measurements, 
finish marks, and blueprint notes to make sure 
that the layout is an accurite representation of 
the pattern to be built. In some pattern shops^, 
the PMl or PMC will make the final inspection 
of the layout. Very often the PMC will use the 
layout as a training aid to instruct you and other 
pattern shop personnel in various construction 
techniques. After you have completed the con- 
struction of the pattern, the PMl or PMC will 
make a final inspection of the pattern, the 
layout, and the blueprint, for accuracy. After 



Thus far you have been given the procedure 
for making a pattern from a blueprint. Very 
oiten you will be required to make a pattern 
from a worn or broken casting without the aid 
of a blueprint. In scribing this layout, yoa 
must first obtain (by checking the casting) the 
centerllnes or ba.3ic construction lines which will 
form the basis of the layout. The centerllnes 
may be found very accurately by placing the 
sample casting on a surface plate. You then 
measure them from the surface plate to the 
center of the bosses, outlets, or holes by means 
of standard rules, squares, gages, or calipers. 
It is always ?)est to work from a casting's 
machined su'-face if one is available. After the 
centerllnes >kave been established by this method, 
you proceed to scribe the outline of the. casting 
and to add the necessary details. Remember 
that the proper shrink rule must be used when 
transferring the standard rule measurements 
from the casting to the layout. 

Tne following procedure is presented as a 
guide for drawing a layout from a oa^ung: 

1. First, find cut from what part Oi the 
major assembly the worn casting was remoxred. 
Be sure you understand the purpose and function 
of the assembly. 

2. Inspect Mie part and the rest of the unit 
closely to identify the surfaces which ^equlre 
machining. In some cases it may be necessary 
to build up or restore the dimensions of the 
worn surfaces. 
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3. Apply the standard metal tests such as 
the spark» chlp» or file tests, in order to identify 
the kind of niotal used in the worn part. 

4. Make a working sketch of the casting by 
transferring all measurements from the worn 
part, using the standard measuring instruments 
such as calipers, scalCt trammel, dividers, etc. 

5. From the sketch make a layout, using 
the proper shrink rule. 

6. Locate the core prints and add the proper 
machine finish allowance. 

7. Doublecheck the layout carefully against 
the sample casting before proceeding with the 
construction of the pattern. 



GLOSSAHY OF TERMS 

The U Uowing definitions are of terms used 
in chapter 10. 

BACK DRAFT— An undesirable application of 
draft on a surface of a pattern. The draft slopes 
in the wrong direction, preventing the proper 
withdrawal of the pattern from the mold. 

CHILL— A metal object placed in the wall of 
a mold, causing the metal to solidify more 
rapidly at that point. 

COLLAPSIBLE PATTERN— A pattern so con- 
structed as to permit its removal from the 
mold in sections. 

DRAWBACK — Portion of a mold supported upon 
an iron plate which is so arranged that it may 
be drawn back for the removal of the pattern, 
and then reseated at the proper time in its 
relationship with the remainder of the mold. 



GREEN SAND CORE— A body of sand usually 
formed directly from a pattern in making the 
mold. A core that is rot baked. 

MASTER PATTERN — A pattern embodying a 
special additional contraction alloMffance and used 
for making castings that are to be used as 
patterns in production work. 

MATCHED PARTING — Forming of a projection 
upon the parting surface of the cope half of 
a pattern and a corresponding depression in the 
surface of the drag. 

AL\TCH PLATE— Wood or metal plate to which 
a pattern is attached at its parting line. 

MEDIUM GRADE PATTERN — A pattern used 
only occasionally which may therefore be of a 
cheaper nature than a standard pattern. 

PATTERN MEMBERS — The component parts 
that go toward making up a pattern. 

PATTERN RECORD CARD— A filing card giving 
a description, location in storage, and the move- 
ment of a pattern. 

SPLIT PATTERN— A pattern that is parted 
for convenience in molding. A parted pattern. 

STANDARD PATTERN —A pattern in daily use 
or used as frequent intervals and therefore of 
first quality workmanship and material. 

TEMPORARY PATTERN— A pattern used to 
produce only one or two castings and th^efore 
made as cheaply as possible. 
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The Patternmaker is responsible for pro- 
viding the foundry with practical and economical 
pattern equipment to suit the quality and quantity 
of all castings. Accurate, well constructed 
patterns » made of suitable materials, designed 
to conform to foundry requirements will not 
only speed up production, but will eliminate 
many of the more common casting difficulties; 
thus resulting in the production of sound, usable 
service castings. 

A PATTERN is defined as a full-size model ~ 
made of a suitable material with provisions 
Included for molding, coring, and machining— 
from which a refractory mold is made. A pattern 
is the basis for all foundry practices. 

Further study of the definition of a pattern 
will provide the following information: 

The term FULL-SIZE MODEL is used to 
distinguish the pattern from a scale or sub-size 
object used to convey an idea. 

The term SUITABLE MATERIAL is used 
to distinguish the material from which a pattern 
is constructed to provide the maximum wear 
for the number of castings to be produced. 

The term PROVISIONS FOR MOLDING AND 
CORING includes such items as: (i) proper 
shrinlcage allowance to compensate for the 
contraction in the solidification of molten metal, 
(2) proper draft on pattern surfaces that is 
necessary for the withdrawal of the pattern 
from the mold, and (3) the provision of ample 
projections or core prints of sufficient bearing 
surface and size and shape to form impressions 
in the mold cavity to support and locate the 
cores necessary to form the interior or exterior 
of a casting. 

The term PROVISIONS FOR MACHINING 
includes the extra stock and machining lugs 
necessary for machine setup allowed on the 
pattern to permit machining the casting to 
accurate dimensions or a smooth finish. 



CLASSIFICA/ ">N OF PATTERN 
EOL.PMENT 

Pattern equipment is a general term used 
in the trade to >fer to the great variety of 
types of patter.is that are required in cast 
metal production. Although several different 
nmterials, such as wood, metal, plaster, and 
plastics are used to construct pattern equipment, 
the equipment itself may be classified for 
convenience as follows: loose patterns, single 
patterns, gated patterns, match plates or match- 
boards, cope and drag patterns, and special 
equipment (follow boards, skeletons, part 
patterns, and sweeps). Remember that this is 
an arbitrary classification for convenience. Other 
books may present other methods of classification 
that may be just as good. Cores may be required 
in any of these types of patterns to form an 
internal cavity in the mold. 

Under the broad classification of loose 
patterns are the one-piece patterns and the 
one-piece built-up patterns. A one-piece pattern 
is a solid pattern but is not necessarily made 
from one piece of wood. A one-piece built-up 
pattern is a pattern that is not necessarily 
made from one piece of wood; it can be a series 
of pieces formed to make a certain shape, but 
the pattern will be in one piece. 

TYPES AND KINDS 
OF PATTERNS 

Although the number of castings required 
from a pattern will somewhat determine the 
TYPE of pattern to be manufactured, the KIND 
of pattern will specify the construction and 
molding procedures. 

The type of pattern used is to facilitate 
a certain molding problem and is not related 
to the number of pieces or form of Joinery 
that enter into the construction of the pattern. 
The kind of pattern is related to the grade 
and future use. Whether patterns are temporary. 
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medium, or standard grades, the best materials 
and workmanship should go into their manu- 
facture. A TEMPOHARY GRADE PATTERN 
is a pattern used to produce only one or two 
castings and therefore made as cheaply as 
possible. A Mi:DIUM GRADE PATTERN Is a 
pattern used occasionally which may be made 
cheaper than a standard grade pattern. A 
STAND ARt GRADE PATTERN is a pattern in 
dally use or used at frequent Intervals and 
requiring only minimiun repairs. 

In designing pattern equipment, remember 
that the pattern is only a means to an end. 
Patterns are used as tools by the Molder to 
make molds, which in turn are used to produce 
castings. Thus you must consider mold design 
before you begin building . pattern* 

Since a given casting can usually be produced 
wit!, any of several types of pattern equip- 
ment, you should be familiar with the general 
characteristics of each type, and the circum- 
stances In which one type of equipment rather 
than another offers the greatest advantage. The 
type of pattern equipment and the construction 
procedures selected depend partly on the 
complexity and shape of the casting required 
and partly on the numl>er of castings to be 
produced. Another Important consideration Is 
the cost of material and labor per casting. 

tn the mass production of castings, every 
attempt Is made to design the pattern so as 
to reduce molding costs. Sometimes It may 
be more economical to spend a little more on 
the pattern equipment, if by doing so, it will 
reduce the cost per casting. When only one or 
two castings are required and when speed of 
production Is the Important factor, as In most 
work aboard repair ships or tenders, the 
Patternmakers and Molders will usually use job 
shop rather than production shop procedures. 
Because of all these factors, the proper design 
of pattern equipment and close cooperation be- 
tween the Patternmaker and the Molder are 
essential to the production of sound castings 
as quickly as possible and at minimum cost. 
One of the basic decisions made by the Pattern- 
maker and the Molder Is to determine the best 
type of pattern for the foundry molding. 

The following sections discuss the relative 
advantages and disadvantages of each type of 
pattern equipment. 

Loose Patterns 

The SINGLE LOOSE PATTERN is of greatest 
use when only a few castings are to be made. 



For very elementary projects, the Patternmaker 
may decide to use a loose pattern of the solid 
or one-piece type shown ir* figure 10-1. This is 
a relatively cheap and simple pattern to build 
because it has no partings. However, the ccot 
of molding and the risk of a casting failure 
are increased since the pattern must be molded 
as a unit. The major molding difficulty is 
lifting off the top of the flask without rapping 
the pattern and without having the cope sand 
stick or drop out. To avoid this difficulty and 
to simplify the molding process, the Pattern- 
maker probably will make a parted (split) 
pattern. (See fig. 10-2.) A parted pattern has 
separable cope and drag halves which are parted 
horizontally through the center line. The methods 
used by the Molder in ramming the sand around 
parted parts of a pattern are discussed in 
another section of this training manual. 




68.61 

Figure 10-1.— A solid pattern. 




23.67.1 

Figure 10-2»— A parted pattern: A. Cope sl^3. 
B. Drag side. 
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From the Molder's point of view a single 
loose pattern, whether it be of solid or parted 
construction, is time consuming to work since 
it requires the maximum number of hand 
molding operations. Often the time required 
to cut gates and risers by hand equals the 
time required to make the mold itself. But a 
more important consideration is the potential 
this type of pattern has for the production of 
uniformly sound castings. Frequently, when a 
number of castings are made from a single 
loose pattern, the quality of the castings pro- 
duced varies ^Jecause tne siz^ and shape of 
gates am! risers provided differ from mold to 
mold. This difficulty is most apparent when the 
Molder^s skill is not sufficiently well developed 
to exactly duplicate the desired gating system 
from one mold to the next. Another fault 
inherent in loose wooden patterns is that they 
warp easily and are subject todamage in handling, 
in spite of the precautions usually taken by 
the Patternmaker in constructing the pattern. 

The GATED PATTERN represents a step in 
the direction of quality control. It may be a 
single or a multiple loose pattern as shown 
in figure 10-3. A gated pattern reduces the 
overall molding time and, in the case of multiple 
parts produced in one mold, the permanently 
attached gates serve to hold the several parts 
in their proper relationship to each other 
within the flask. More important, though, is 
the fact that this type of equipment cuts down 
the number of hand operations, eliminates the 
possibility of variaMon in the size of the gates, 
and thus Increases the probability that castings 
of uniform quality will be produced from the 
pattern equipment. Although the Patternmaker 
in this case forms the gates and risers as 
well as the pattern, this does not relieve the 
Molder of his responsibility for their design. 
In other words, when using gated patterns, the 
design and construction of gates and risers 
requires close cooperation between the Pattern- 
maker and the Molder. Gated patterns, especially 
those made of wood,^must be carefully handled 
since the relatively small gates are fragile. 
Like loose ungated patterns, gated patterns are 
subiect to warpage^ Nevertheless, gated patterns 
represent an economical Improvement over un- 
gated patterns when a small number of simple 
castings is required. 

Mounted Patterns 

MATCHBOARD or MATCH PLATE equip- 
ment Is Indispensable where a fairly large 



18.1 3X 

Figure 10-3.— Gated patterns. 



numJ>er of small castings is to be made. Even 
though the number to be produced on a single 
job order is not unusually large (say 50 to 100), 
a matchboard may be used If the part is one 
that is likely to be called for repeatedly • A 
typical matchboard Is illustrated in figure 10-4* 

Master or universal match plates made of 
wood, aluminum, magnesium, or steel may be 
purchased to fit any standard flask. Normally, 
though, the Patternmaker makes the board of 
plywood or by gluing strips of wood together 
so that warping Is prevented. Matchboards are 
made with flask pin holes or flask slides which 
exactly fit the particular size flask to be used. 

The patterns for the individual castings 
usually are made up as single parted patterns 
and mounted on the board with brads or wood 
screws. The complete gating system usually 
Is mounted securely on the matchboard also, 
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COPE and DRAG PATTERN equipment is in 
many respects similar to a match plate* The 
principle difference is that the drag portion 
of the pattern is mounted on one plate^ while 
the cope portion is mounted on another. (See 
fig. 10*5.) Cope and drag equipment ip usually 
used for patterns that are too la-{:,o to be 
.conveniently mounted on matchboardt-. Both 
types of eqxiipment produce a dimensionally 
accurate mold with a minimum of band molding 
operations. A further advantage of cope and 
drap equipment in production work is that two 
Molders can work separately on the job— one 
molds copes, while the other molds drags. In 
the job foundry, cope and drag pattern equip- 
ment is seldom ised because the volume of 




/ 




18.14 

Figure 10-4.— Matchboard: A. Cope side. B. Drag 

side. 



as shown In figure 10-4. Great care must be 
taken so that all the patterns mounted on the 
board will be exactly alike, and that cope and 
drag halves are in perfect alignment. To prevent 
wear during use, metal strips are usually 
attached at wear points on the board. 

Although the possible advantages of molding 
with matchboards are fully realized only In 
the production foundry, the Navy foundryman 
can also benefit thrcugh their use In tlie 
production of small castings In benoh molds. 
Assuming that the matchboard equipment Is 
properly made. Its use Increases the Molder's 
efficiency by eliminating nearly all hand molding 
operations, produces castings of uniform quality, 
mi Increases yield by reducing the amount 
«f scrap In the form of rejected castings. 
Mounted pattern equipment has a greater service 
life since it is more resistant to rough handling 
and war page. 



18.1SX 

Figure 10-5.— Cope and drag pattern equipmert. 
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production is not sufficient to justify the cost 
of the pattern equipment. 

Master Patterns 

A master pattern is t^e name given to a 
pattern having a double contraction or shrinkage 
allowance. The castings made from the master 
pattern are used by the Patternmaker in making 
duplicate patterns that will have only a single 
contraction or shrinkage allowance for tl^ par- 
ticular metal required of the final casting. An 
allowance is made not only for the shrinkage 
of the metal pattern, but also, a second allowance 
is added for the shrinkage of the casting produced 
from the metal pattern. For example, a master 
pattern constructed for an aluminum pattern to 
be used in producing bronze castings has the 
shrinkage allowance for aluminum (5/32 inch per 
foot) plus the shrinkage allowance for bronze 
(3/16 inch per foot) or a total shrinkage allowance 
of 11/32 inch per foot. If the final casting is to 
be machine-finished, further allowances mast be 
made for finishing the metal pattern and final 
casting. The actual metal pattern is made in the 
foundry by the Molder the same as any other 
casting of similar complexity would be made. 

The different types of material that can be 
used in the construction of master patterns are 
numerous. These types include wood, plaster, 
. aluminum, brass, bronze, sheet lead and white 
metal. As comparatively few castings are made 
from a master pattern, the cost of the materials 
is held to a minimum so that the pattern can be 
made as economically as possible. Therefore, 
for the general purposes of lower cost and of 
speed in the manufacture of a master pattern, 
pine is the most logical material to use. 

Special Pattern Equipment 

Special pattern equipment is a catch-all 
category including follow boards, ram-up blocks, 
sand matches, sweeps, and skeletons. Of these, 
the most frequently useful device is the follow 
board. It has two main applications: to aid in 
the molding of irregular parting patterns, and 
to mold with patterns that would be too fragile 
if the pattern were parted to form the parting 
line. A typical follow board is illustrated in 
figure 10-6. The device shown is essentially 
a special mold board into which a recess has 
been cut to fit the parting line of the pattern 
for which it is designed. Its use is the same 
as that of a regular mold board. The special 
name stems from the fact that the board is 



made for a particular pattern and FOLLOWS 
that pattern around during the drag's rollover. 
Patterns having an irregular parting line often 
may be molded with greater ease and accuracy 
with a follow board constructed so that its 
surface matches the pattern's irregular parting 
plane. (See fig. 10-7.) 

RAM-UP BLOCKb are special devices which 
support and prevent thin-shelled patterns from 
springing or breaking during the ramming 
operation. The block usually is made of wood, 
but may be made of plaster. In either case» 
the block must accurately fit the portion of 
the pattern that it is to support. For the 
symmetrical pattern shown in cross section 
in figure 10-8, a wood block would be turned on 
a lathe. The Patternmaker may make the ram-up 
block as a loose auxiliary part or he may fasten 
it to the mold board, depending upon the pref- 
erence of the Molder who is going to make the 
m:»ld. 




18.16X 

Figure 10-6. — Follow board. 





23.64 

Figure 10-7. — Using a follow board to obtain an 
irregular parting line. 
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Figure 10-8. — Ram-up block. 



Although the ram-up block shown in figure 
10-8 is intended to serve as a pattern protecting 
and supporting device, to prevent springing or 
breaking the pattern, it also functions as a 
follow board. Sometimes it is difficult to diis- 
tinguish between a match plate, ram-up blo^jfc, 
and a follow board. In making a distinction 
where a device serves more than one purpose, 
classify it according to its PRINCIPAL 
FUNCTION. 

SKELETON PATTERNS are wooden frames 
designed to help the Molder make the mold. They 
are especially useful in the production of very 
large hollow or shell-like castings, such as 
large pipes, elbows, or housings. Usually, the 
Patternmaker provides the Molder with sweeps 
or strickles with edges cut to the cross- 
sectional shape of the casting to be made. The 
skeleton technique can also be used in making 
cores. Figure 10-9 illustrates the skeleton con- 
struction of a core box and the aDcompanying 
sweep made by the Patternmaker. The Molder 
does the rest of the work by hand. 

Almost any reasonable shape and metal 
thickness can be swept with the proper templates 
and sweeps. However, the sweep technique is ai 
economical procedure only when one or tvo 
castings having a relatively simple shape a* e 
required. When the shape is complex, sweeping 
is impractical. If more than a few castings tre 
required, even a simple shape can be produced 
more efficiently wUh 9 pattern. The technique 
is employed so infrequently in modern foundry 
practice that it is practically a lost art. In job 
shops such as those aboard repair ships and 
advanced hases, the use of sweeps and skeletons 
may be advantageous for certain classes of 
large but symmetrically shaped castings where 
repeat orders are unlikely. Here their advantage 




18.19X 

Figure 10-9.— Skeletons and sweeps. 



is twofold: the time and expense of patternmaking 
is negligible, and the problem of storing a bulky 
pattern is eUminated. To construct a satisfactory 
mold with sweeps and skeletons is a real 
challenge to the Molder's skill. 

If the casting desired is ssnnmetrioal about a 
central axis, the Patternmaker will mount the 
sweep on an upright spindle. The Molder then 
centers the upright spindle in a bed of packed 
sand and forms the mold cavity by rotating the 
sweep through the bed of sand until the desired 
mold shape is formed. See figure 10-10. 

This method of forming circular mokls is 
especially useful in making gear blanks, hand- 
wheels, pulleys, pump and impeller housings. 

The PART PATTERN is another type of 
pailern equipment that is also applicable to 
circular work. A part pattern is actually only a 
portion of a pattern that is constructed so that 
the Molder can form the complete mold in stages, 
moving the part pattern from section to section 
in the mold. Marine propeller patterns are naost 
often made as part patterns. The Patternmaker 
will usually build only one blade and the hub or 
one blade and the corresponding section of hub 
as the entire pattern. Appropriate Jigs or vertical 
spindles are necessary to hold the part 
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Figure 10-10. — Forming a mold with spindle and 

sweep. 



pattern in perfect alignment during the molding 
procedures. 

The Molder mounts the hub of the propeller 
pattern on a vertical spindle in the center of a 
bed of sand in a large flask. He then rams the 
mold for the single blade and rotates the pattern 
about the spindle to get the pattern in the 
correct position for molding the second blade 
of the propeller. If a four-bladed propeller is 
required, the Molder will rotate the pattern 
90* about the spindle. If a three-bladed pro- 
peller is required, he will rotate the pattern 
120* about the spindle. Thus, using a part pat- 
tern of a single blade and hub and appropriate 
fixtures or jigs, the Molder may cast a pro- 
peller wheel with the required number of blades. 

PART CORES are used in the same manner 
as part patterns, especially where long cores 
of the sai.ae cross section are required. Part 
cores are especially useful in making cores 
for long lengths of pipe. Instead of making one 
very long core box, the Patternmaker will make 
a shortened core box. The Molder then rams 
up a sufficient number of the short cores and 
places them end to end to give the required 
length. While you are pasting the part cores 
together, be sure to keep them in perfect align- 
ment by using a jig, arbor, or fixture. 

In building skeleton patterns, sweeps, 
strickles, and part patterns, the Patternmaker 



must work with very close precision because 
any errors wiU be exaggerated in the molding 
procedures. 

PATTERNS WITH LOOSE PIECES do not 
actually comprise a separate classification of 
types of pattern equipment. Loose pieces may or 
may not be used in conjunction with any of the 
types of pattern equipment mentioned thus f»jp. 
They are brought in at this point because they 
are so closely related to pattern design and 
the solution of some of the specific molding 
problems under discussion. 

Many patterns with flanges, bosses, pads, 
and the like, have projecting parts which form 
undercuts that prevent the withdrawal of the 
pattern from the sand without tearing up the 
mold. To simplify the Molder 's job of with- 
drawing such a pattern from the mold, the 
Patternmaker will construct the patterns with 
loose pieces. A loose piece is defined as a part 
of a pattern attached to the main body of the 
pattern with a metal rod or skewer. Tl^ loose 
piece remains in the mold and is taken out after 
the main body of the pattern is removed. (See 
fig. 10-11.) 

The Molder rams the pattern in the conven- 
tional way and removes the skewers. This frees 
the main body of the pattern from the loose 
pieces. He then withdraws the main body of the 
pattern leaving the loose pieces in the mold. 
Next, he reaches down into the mold, carefully 
draws the loose pieces from the side wall into 
the main mold cavity, and then lifts the loose 
pieces out of the cavity. It is good practice for 
the M«)lder immediately to replace the loose 
pieces on the pattern to make sure that all the 
loose pieces have been picked out of the mold 
before pouring the casting. 

CORE BOXES 

Although core boxes may be classified as 
special pattern equipment, they actually are 
part of the pattern made for a particular job. 
Therefore, core boxes should be treated as 
patterns. A description of cores and core boxes, 
their uses and methods of construction are 
presented in chapter 11 of this training manual. 



PATTERN EQUIPMENT 
CONSIDERATIONS 

The fundamental requirement of all patterns 
is that they must be so formed that the Molder 
can build up, with their use, molds of such shape 
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Figure 10-11. — Pattern with loose pieces. 



:hat the desired casting may be made with them. 
Therefore, the Patternmaker must have a knoul- 
edge of the various molding processes and 
methods ?n addition to the basic design rules, to 
create and construct patterns and core boxes 
so the Molder can use them to the best advantage. 
(See chapter 2 of this training manual.) 

Guidelines for construction and checkpoints 
for determining the suitability of a pattern are: 

1. Provide for the use of arv loose pieces 
required on the pattern or core box. 

2. Plan to have as much mold cavity in 
the drag as possible. 

3. Use the proper shrink rule for the 
characteristics of the metal concerned. 

4. Ensure that any necessary distortion 
allowance has been incorporated in the pattern* 



5. Provide sufficient finish allowance for 
machining to the required overall dimensional 
tolerances. 

6. Apply the proper draft in accordance with 
the size and shape of the pattern. 

7. Ensure that the pattern has the proper 
strength and finish to withstand the abrasive 
action of foundry materials. 

STRENGTH OF PATTERNS 

The strength of any pattern is governed by 
the construction methods used. You should 
already know some methods of good pattern 
construction from practical instruction received 
on the job. Some of these methods of construction 
and pattern features that can be incorporated 
into a pattern to obtain maximum strength are: 

1. Using the maximum thickness of lumber 
for the job. 

2. Building small patterns from solid stock 
with carved fillets or leather fillets attached. 

3. Using dado joints or lap joints whenever 
possible. 

4. When practicable, making small fragile 
patterns out of metal. 

5. Building up turned work with segments, 
then glxiing and nailing where practicable. 

6. On staved work, using the stile and rail 
method, bracing both laterally and longitudinally. 

7. Spacing the distance between headers on 
staved work. 

8. On turned flanges, inserting the flange 
material below the surface of the pattern to 
eliminate any feather edges. 

9. Using wood dowels and screws whenever 
possible for reinforcing joints. 

10. On large flat work, using stop-offs to 
eliminate any warping. 

11. Using follow blocks, ram-up blocks, follow 
boards, and ram-up boards on fragile patterns. 

ACCURACY OF PATTERNS 

To produce a casting ''true to the blueprint, 
it is necessary to make the pattern of such di- 
mensions and shape as to allow for the natural 
shrinkage of the metal, the effects of mold 
restriction, and any other controlled phenomena. 

Unless the Patternmaker knows the foundry 
process to be used in the production of castings, 
he should not design and construct a pattern 
with any closer tolerances than one-half the 
maximum shrinkage allowance required for the 
specifio metal. Inasmuch as wood 8hrink0 or 
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swells due to the moisture absorption while 
the pattern is being constructed, it is almost 
impossible to hold dimensional tolerances any 
closer. Although metal patterns, plaster pat- 
terns, and plastic patterns can l)e held to a 
closer tolerance than wood patterns, do not apply 
closer tolerances than a!)solutely necessary. 

PLANMNC OF PATTERN 
EQUIPMENT 

Pattern equipment, as a rule, is not an 
exact duplicate of the finished product, because 
the equipment is supplemented by special allow- 
ances necessary for the molding and machining 
processes. Therefore, the Patternmaker and the 
Molder should cooperate in order to obtain the 
most accurate means of producing a sound, 
usable casting. 

In addition to the basic tv-pes and kinds of 
patterns previously discussed, the planning stage 
for pattern equipment should include consid- 
eration of the following: 

1. Location and kind of parting line — 
straight or irregular. 

2. Kinds of cores — green, drv, green-topped, 
orC02. 

3. Location and size of core prints and/or 
chapJets. 

. 4. Location and size of chills. 

5. Projections requiring loose pieces. 

6. Allowances for shrinkage, distortion, draft, 
niachine finish, and machining lugs. 

7. Type of material the pattern equipment 
is to lio made of. 

8. Metal or alloy to be cast. 

9. Overall basic design rules that facilitate 
the production of a sound casting. 

Pattern and Mold Partings 

When referring to the parting of a mold or 
of a pattern, the plane separating the cope and 
drag is called the parting plane; when the parting 
is viewed as a line, it is called the parting line. 
There are two methods of parting a pattern: 
straight partings and curved (irregular) part- 
ings. With straight partings, which are the 
most common, the line of pattern separation 
lies in one plane. With an irregular parting 
pattern, the line of pattern separation is not a 
straight line, but cuts through two or more 
planes. Whenever possible, a straight parting 
should be used as it is simpler to handle in 
the molding process. If the irregular parting 



causes a deep pocket or recess, the pattern 
should be redesigned so that a molding method 
with a straight parting line requiring a core 
or a m.itch plate can be used. 

As a general rule, it is desirable to have 
all (or the greater portion) of the mold cavity 
in the drag for ease in molding. It is preferable 
to choose a parting which has a deep drag in 
order to reduce the weight of the mold. Reducing 
the weight of the cope is more important than 
reducing the weight of the drag because the cope 
requires more handling. It is also desirable to 
design the pattern so that the thickest sections 
of casting appear at the parting line in order 
that the casting can be fed most effectively. 

In general, the line or plane selected for 
the pattern's parting will cut the pattern in such 
a manner that the parts separated are symmetri- 
cal (the parts correspond in size and shape). 
Pattern symmetry should not be the final con- 
sideration when deciding on the parting line. 
Before determining the pattern's parting, a 
decision must be made as to how the whole 
piece can be molded to produce a sound casting. 
Once this decision is made, choose the parting 
line which will give the best draw, and requires 
the least cores and loose pieces. 

Cores 

For detailed information concerning the 
classes and characteristics of cores, core prints, 
types of cores, core boxes and the various 
me hods of construction, refer to chapter 11 of 
this training manual. 

Chaplets 

CHAPLETS are metal supports which are 
placed in the mold cavity to hold a core in 
place when normal molding methods are in- 
adequate. The use of chaplets should be avoided 
whenever possible. When used, it is essential 
that they are absolutely c'ean. Since chaplets 
become a part of the casting itself— through the 
fusion of the surrounding molten metal in the 
mold cavity with the chaplet — their composition 
must be suitable for the metal from which the 
casting is poured. Soft steel chaplets are used in 
ferrous metal castings, and copper chaplets are 
used in brass and bronze castings. 

In addition to having the proper composition— 
steel or copper —the size of the chaplet must be 
properly proportioned with the cross-sectional 
thickness of the part of the casting in which It 
is used. A chaplet made from the leas : amount 
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of metal possible, but having sufficient strength 
to support the core, should be used. The use of 
oversized chaplets will result in poor fusion and 
may cause the casting to crack in those areas 
where the chaplet is located. 

Chaplets of many types are available, but 
those shown in figure 10-12 are suitable for 
most applications. Prefabricated, double-ended, 
plain-stem chaplets are used with ferrous cast- 
ings. Perforated chaplets, made by the Molder 
from rectangular strips of copper, are used 
with nonferrovis castings. 

Chills 

CHILLS are metal devices used by theMoMer 
to accelerate the solidification of metal in certfi^n 
heavy sections of a casting. Two kinds of chills 




68.63 

Figure 10-12. —Types of chaplets: A. Double- 
headed. B. Stem. C. Perforated. 



are used by the foundryman— external chills 
and internal chills. Typical examples of both 
types are shown in figure 10-13. 

The face of an external chill has the same 
contour as that of the mold surface In which it 
is embedded. External chills may be cast to 
shape or they may be made from strip, bar, 
or rod stock. In any event, the metal from which 
the chili is made must have a higher melting 
temperature than that of the metal being cast* 
When external chills are used the following rules 
should be borne in mind: 

1. Chill surfaces must be clean and ac- 
curately fitted to the casting area to be chilled. 

2. The ends and sides of large, heavy, ex- 
ternal chills should be tapered. Drastic cooling 
at the edge of chills will cause stresses to 
develop, which may result in cracks. 




B 

i_ ■ — ' 

23.18 

Figure 10-13.— Chills: A. External. B. Internal. 
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3. External chills must have sufficient mass 
to prevent the metal in the casting from fusing to 
the chill. At the same time, however ♦ they must 
not be so massive that their effect interferes 
with solidification in other parts of the casting. 

Internal chills must have the same basic 
composition as the metal being cast, because 
they, like chaplets, become a part of the finished 
casting. For this reason, internal chills must be 
perfectly clean. Oxide, oil, or mold wash mast 
be eliminated or harmful effects to the casting 
will result from the gases produced. 

The size and shape of the chill is very 
important. Flat, solid chills should have a 
streamlined shape. A shape of this sort permits 
any gases that may be formed to rise easily 
to the casting surface* In regard to size, chills 
which are too small will not accomplish their 
purpose of inducing solidification. On the other 
hand, chills which are too large may cause 
cracking to occur in the casting. 

Properly locating chills, and thereby con- 
trolling the solidification of metal in a mold, 
requires considerable knowledge and experience. 
When the striker or ML3 must use chills, he 
should do so only under the close supervision 
of an MLl or an MLC, 

Loose Pieces 

Many patterns are of such shapes that pro- 
jecting elements (bosses, undercuts, and flanges) 
which are above or below the parting line form 
back draft to the line of withdrawal of the pattern 
from the mold. These projecting elements cannot 
be withdrawn at the same time as the main body 
of the pattern. This conmion problem can be 
solved through the use of loose pieces or draw- 
backs. 

A loose piece is a pattern part that remains 
in the mold while the main body of the pattern is 
removed. The loose piece is carefully drawn 
from the mold wall into the main mold cavity, 
then lifted from the mold. (See fig. 10-11.) 
This is called *'picking«in.'' 

The function of the drawback is similar to 
that of a loose piece. Instead of being a pattern 
part, however, the drawback is a special kind 
of green sand core, rammed up Into the mold on 
a supporting structure so thav it may be drawn 
back and lifted away to clear an overhanging 
portion of the pattern, thus pe/mltting pattern 
removal. (See fig. 10-14.) After the pattern 
has been removed, the drawback is relocated 
in the mold. The mold face contour of the 




18.22.1 

Figure 10-14. — A drawback. 



drawback is formed by the pattern itself rather 
than by a core box. 

Pattern Allowances 

Whatever the type and kind of pattera and 
the construction method employed, the pattern 
must embody certain allowances if it is to 
satisfactorily play its part in the finished product. 
For example, the pattern must provide shrinkage 
(contraction) allowance and distortion allowance 
during the casting's solidification; it must 
possess sufficient draft to enable the pattern 
to be withdrawn from the mold; it must allow 
for machine finishing; and it must provide 
machining lugs for machine setup in the machin** 
ing process for the finished casting. 

SHRINKAGE AND CONTRACTION. -As the 
metal "freezes*' or changes from a liquid to a 
solid state, shrinkage and contraction take place. 
In common terminology^ shrinkage and con** 
traction describe the total volume changp. Al- 
though shrinkage and contraction are part of the 
same process that accounts for the decrease in 
the size and volume of metal while it is coolings 
many foundrymen (Patternmakers and Molders) 
now think of these two actions as two distinct 
processes. 

Shrinkage is believed to be the loss brought 
about by the arrangement of the molecular 
structure of the metal as it passes from a 
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liquid to a solid state. The Molder compensates 
for shrinkage through the provision of risers 
or heads which supply extra metal where it is 
needed to make up for the decrease in volume 
resulting from cooling from the liquid to the 
solid state « 

Contraction is believed to occur immediately 
after shrinkage, as the metal cools to room 
temperature after solidification has taken place. 
The Patternmaker provides for dimensional 
contraction or the decrease in volume occurring 
in the solid state, by making the pattern slightly 
oversize with the appropriate shrinkage (con- 
traction) rule for the particular metal to be 
ca^t. Shrinkages of metals have been determined 
by experimentation and converted into tables 
that are intended merely as guides, because 
each specific job may require minor deviations. 
The average siirinkages of metals that are 
common to Navy use are given in Table 10-1. 



Table 10-1. — Average Metal Shrinkages 



Material 


Shrinkage 
per foot 


Aluminum 


5/32 


Bismuth 


5/32 


Brass 


3/16 


Bronze 


3/16 


Aluminum Bronze 


7/32 


Manganese 


7/32 


Bronze 


Cast Iron 


1/10 to 1/8 


Cast Iron, 
Wrought 


1/8 


Copper 


3/16 


Lead 


5/16 


Monel 


1/4 


Magnesium 


1/8 to 5/32 


Steel 


1/4 


Tin 


1/4 


Low Melting 




Point Alloy 


NIL 


Zinc 


5/16 


Plaster of 




Paris 


0 to 1/4 



68.185 



The amount of shrinkage varies with tte cast- 
ing design, type of metal, pouring temperature, 
mold method, mold material, and resistance of 
the mold to shrinkage. However, shrinkage does 
not occur uniformly in all directions. Therefore, 
the experience of the Patternmaker and Molder 
provides the basis of using any modified shrink- 
age tables. 

DISTORTION. "Uniform shrinkage May or 
ma: not follow a given shrink rule in all in- 
stances. Certain conditions affecting shrinkage 
must be considered when making the pattern, 
to ensure a sound, usable casting. Among these 
conditions is mold resistance which may be 
caused by tight ramming, hard cores, ribs, gates, 
risers, or other projections. Mold resistance 
will cause uneven shrinkage resulting in 
distortion of the casting. Therefore, distortion 
allowances must be made on the pattern to 
prevent twisting or warping of the casting due 
to internal stresses set up within the casting 
during solidification. 

In examining the casting's basic design for 
areas where distortion may occur, the consider- 
ations to remember are; (1) contraction follows 
the liner of metal structure; (2) distortion results 
when contraction is unequal; and (3) distortion 
does not occur when the lines of contraction 
meet at a Junction of members because neither 
member is affected by the other. Inasmuch as 
there may be shrinkage without distortion but 
not distortion without shrinkage; it can be said 
that distortion comes from unequal shrinkage* 

Since the shrinkage allowances used in con- 
struction of the pattern are based on a vast 
amount of experimentation and experience, they 
should be used for ti^e general run of Jobs* 
However, it should be remembered that the 
shrinkage allowances assume normal unre- 
stricted contractions* When the casting's design 
is such that normal shrinkage does not occur, 
or is partially restrained in a portion of the 
casting, it may be necessary to use a modified 
value (two or more shrinkage allowances based 
on the existing conditions) or to construct a 
modified pattern. The cause of abnormal con- 
traction is usually mold resistance to the forces 
of contraction* If the mold or core cannot be 
changed or modified to permit normal contraction, 
all allowances will have to be made on the 
pattern^ 

Usually the dimensional accuracy of most 
castings is satisfactory when the pattern is made 
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with shrink rule measurements. Occasionally, 
however, a pattern must be so constructed 
that it will compensate for any distortion 
resulting from uneven contractioii which c::nnot 
be eliminated from the design. This technique 
is known as FAKING THE PATTERN, 

When a pattern is to \)o constructed to com- 
pensate for distortion, it is necessary to break 
the design down into its component parts and 
analyse each basic design in terms of governing 
its contraction in the mold. 

DKAFT. -The angle of slant (taper) tending 
away from the parting given to those surfaces 
of a pattern which would lie in the direction 
in which the pattern or its component parts 
are drawn from the sand is called DRAFT. 
Unless draft is provided on the vertical surfaces 
of the pattern, the pattern cannot be removed 
from the mold without excessive rapping, or 
damaging the mold wall. 

In green sand molding, interior surfaces of 
patterns require more draft than exterior 
surfaces. So long as it does not distort the 
functional lines of the pattern, it is advisable to 
provide liberal draft. In any case, the draft on 
surfaces at right angles to the pattern face 
(parting line) should not be less than l^ Usually, 
this allowance Is added to the pattern. In those 
•instances where a reduction in wall thickness 
Is not objectionable or where an increase in 
dimensions at the face of the pattern is function- 
ally objectionable, draft may be provided by 
subtracting the taper from the casting dimensions 
specified. Whether added or subtracted, the taper 
always runs away from the pattern face. If no 
surfaces are at right angles to the pattern face, 
draft is not necessary. 

The amount of draft required of any pattern 
depends upon: (1) the length of the part that is 
to be withdrawn from the mold, (2) the direction 
of the grain in the wood, (3) the size and shape 
of the pattern, and (4) the intricacy of the work. 
Guidelines that have been proven by practical 
experience and that are recommended for use 
in the application of draft are: 

1. Draft should be ample for a straight 
draw without severe rapping of the pattern^ 

2. Surfaces requiring draft will be de- 
termined by the molding position of the pattern. 

3. The surface from which the draft starts 
is called the FACE (cope face or parting) of 
the pattern. 



4. Draft enlarges the pattern towards the 
parting line. 

5. Excess draft is added to holes or deep 
pockets to release the green sand with the least 
disturbance. 

6. More draft is required for hand molding 
than for machine molding. 

7. Draft on all interior surfaces should be 
greater than on exterior surfaces. 

If draft is not sufficient, the pattern has 
to be severely rapped for withdrawal from the 
meld; rapping ruins patterns and core boxes. 

9. Draft adds metal to the casting; the amount 
of draft should be made as small as possible 
and still enable the pattern to be withdrawn 
from the mold. 

10. The average draft allowance is 1/8-inch 
per foot. 

11. The surface of a pattern that lies vertical 
to the parting and parallel to the direction 
of the draw, and Is to be coped out, is given 
excessive draft. Excessive draft is used to 
facilitate the lifting out of the projecting body 
of sand. 

MACHINE FINISH AND TOOL CLEAR ANCE.~ 
Two allowances in addition to those already 
mentioned are frequently required: machine 
finish and tool clearance allowance. The amount 
of allowance for machine finish depends upon 
the kind of finish specified for the casting as 
well as the mold location of the finish area. 
Whenever possible, surfaces to be machined are 
located in the drag. When this is impossible, it 
is necessary to provide an extra allowance to 
take care of any slag or dirt that may come to 
the surface of the casting in the cope. The 
usual machine finish allowances for castings 
of various sizes and of various metal com- 
positions are Indicated in table 10-2 and table 
10-3. 

Tool clearance is sometimes formed on a 
pattern to provide an opening for the tool to 
enter when finishing sections of the casting that 
are partially or entirely closed. Careful con- 
sideration should be given in providing tool 
clearance, so as not to weaken the casting. 

From the stamlpoint of the Machinery Repair- 
man the provision of adequate tool clearance 
is just as important as extra metal for machin- 
ing. The Molder has little concern with this 
feature of a pattern except as it may relate 
to the location of gates and risers. At any rate, 
there must be sufficient space to start and 
finish the cut. Since the allowances necessary 
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Table 10-2. — Machine Finish Allowance Guide 



Casting alloys 


Pattern size 


Bore, inch 


Finish 






1/8 
3/16 
1/4 
3/16 


3/32 
1/8 
3/16 
1/4 




13 to 24 in 

25 to 4? *n 

43 to 6C in 




Up to 12 in 


3/16 
1/4 
5/16 
3/8 


1/8 
3/16 
5/16 
3/8 




43 to 60 in 




9 to 12 in 

12 to 24 in 

24 to 35 in 


1/16 
3/32 
3/32 
5/32 
3/16 


1/16 

1/16 

3/32 

1/8 

3/16 


alloy castings. 


Up to 12 in 

13 to 24 in 


3/32 
3/16 
3/16 


1/16 

1/8 
5/32 



18.107(68B)AX 



Table 10-3. — Machine Finish Allowance (Ab>ve The Average Shrinkage Allowance) 



Drag 
(Inches) 


Cope 
(Inches) 


Tolerance expected, 
"as cast" (Inches) 


1/8 


5/32 


±1/16 


5/32 


3/16 


±3/32 


3/16 


1/4 


±1/8 


1/4- 


5/16 


± 5/32 


5/16 


7/16 


±3/16 


3/8 to 1/2 


5/8 to 3/4 


± 1/4 



18.107(68B)BX 
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here dei)end on the jcb at handi> they will have 
to be worked out in che planning conference. 

ADDITION or MACHINING l.l-GS. --When 
planning a pattern, considcraticm should Ix? given 
to ways to facilitate the handling of castings 
diuring the machining processes. Px^ovisions 
should be made to hold or to prevent distortion 
of the castings • A little extra work on the 
part of the Patternmaker (adding bosses, lugs, 
feet tor leveling, or a bridge) will often save 
hours of machine shop time. 

Generally, these provisions do not appear 
on the !)lueprint, but they do appear as pro- 
jections on the pattern and become part of the 
casting* Their location, however, will depend 
on the facilities and requirements of the machine 
shop. As a PM3 or PM2 you should have a 
Working knowledge of the various machine shop 
tools and the meth:xls of mounting work for 
machining. In addition, you should consider not 
only the construction of the pattern and its mold 
but also the way the casting Is to \je machined. 
Therefore, for the best results, consult the 
Machinery Repairman when determining the size 
and location of the required projections. 

Consideration should be given to the follow- 
ing provisions for holding or clamping a casting 
during the machine processes: 

1. Adding lx)sses for holding a casting on 
a lathe when the casting cannot be conveniently 
held on a faceplate. 

2. Adding crossmembers or a bridge on 
the ends of hollow cylinders to accommodate 
the lathe centers. 

3. Adding feet for leveling or clamping. 

4. Adding feet or flats to the Insldo of hollow 
castings if it is Inconvenient to add them to the 
outside of the casting. 

5. Make the projection length of contact on 
the main body of the casting as ample as 
possible. 

Remember, adding projections to the pattern 
increases metal thickness (creating hot spots 
which will cause open grain In the structure of 
the metal) and results In a weak casting. 

When adding machining lugs or other pro-* 
visions for machining purposes, treat them as a 
part of the casting In addition to treating them 
as a boss or pad. (See the basic design rules, 
given in chapter 2 of this training manual.) 



MAINTENANCE AND STOKAGE OF 
PATTERN EQUIPMENT 

Pattern equipment is a valuable part of the 
pattern shop and foundry and special provisions 
should be made for proper storage and main- 
tenance upon completion of the finished castings. 
.As a PM3 or PM2 you may be. assigned the 
responsibility for the proper storage of pattern 
equipment and the preparation of a pattern 
record file. In addition, maintenance of patterns 
held in the pattern storeroom (responsibility 
of the pattern shop) is as important to the 
Patternmaker as making new patterns. For 
example, If a ship lias a limited availability 
period, valuable time will be saved if the pattern 
is already constructed and held in storage or If 
a pattern on hand can (with minor alterations) 
be used to complete the job order. 

The major problem in pattern storage is to 
provide conditions which will keep distortion 
of the pattern equipment to a minimum. The 
temperature and humidity of the storage area 
should be kept constant, preferably at normal 
room temperature (70^). The pattern store- 
room or storage area is divided into sections 
and each section is marked for a group (type, 
size or classification) of patterns. (See fig* 
10-15.) Large patterns and core boxes, for 
convenience In handling, are placed as near to 
the storeroom deck as possible and are arranged 
In groups. Small patterns are stowed on shelves 
or racks made with built-up edges to keep the 
patterns from falling off. Matchboards and match 
plates are hung on racks according to size and 
shape. Special pattern equipment (matches, 
sweeps, etc.) may be placed in a separate 
section or may be placed with the pattern. Each 
section of the storeroom should be provided 
with ways of securing for sea to prevent damage 
to the patterns and equipment. 

Naturally, space limitations aboard ship 
will govern the number of completed patterns 
that may be stored. Experience and up-to-date 
pattern record cards will aid you in deciding 
which of the patterns are used constantly or 
at frequent Intervals • 

Another advantage in maintaining pattern 
storage, which is often overlooked. Is that the 
stored patterns are useful for training purposes • 
For this reason it is also advisable to keep 
certain temporary or Infrequently used patterns 
on hand as samples to show how the pattern 
was made or how construction procedures may 
be Improved. 
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68.64 

Figure — Section of atypical pattern store- 



Because stored patterns have» in the past, 
produoed sound castings, it may be assumed 
that the construction niethods used were also 
satisfactory. However, DO NOT assume that 
the pattern is in as good coiuiition as it was on 
the day it was made. Even under the best 
storage conditions wood patterns will become 
warped, checked, or damaged. Periodically check 
the stored patterns for general condition and 
return them to the pattern shop, if necessary, 
for minor repairs and refinishlng. 

Before placing a pattern in storage, prepare 
a PATTERN RECORD CARD for the locator 
file. One such form, which may be adapted, 
is shown in figure 10-16. Clean, refinish, and 



NiB«4iourft aaqultiid ^JL FUtUm Cott ZHZ 

Kmm %xA Description of RitUrtt-^*^^^ — . 



I^uaber pltco — ^ No. of — ■■■ No. of 2 
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Cbtn«t. or ^^w^^e Tv.wing a^|9»M t^t. of 2fie6 J9 

NodifieaUoM Vuibftr Drawiog 

&(os«8^ ioca^iont 

f> ^ 3 
6»cUott. — V::. — ■ Floor Spaoo— — .-BiOt r«ckt or—.!!! 

EtMrk« (KoXdins Xn»trwtio&t)s Si'rAifA^ ^r&/ng 

Chiiif Htfrtamifr 



23.3 

Figure 10-16.— A pattern record card. 



make minor repairs to the pattern. Tie together 
and tag all loose pieces, riser heads, and other 
molding aids, to avoid losing or mismatching 
the parts. Group ti^ patterns according to type, 
size, or classification. 

When a pattern is taken out of storage for 
reuse, inspect it thorou^y to make sure it 
is serviceable. Check the pattern against the 
blueprint if possible, to determine whether 
any revisions or changes (type of metal or 
additions) have been made since the pattern 
was last used. Check all fillets, loose pieces, 
riser heads, broken parts, and all other mold-- 
ing aids for proper alignment and condition* 
Repair if necessary. Clean and refinish the 
pattern. Finally, check with the supervisors 
of the pattern shop and foundry for any last 
minute changes or alterations prior to reissue. 



GLOSSARY OF TERMS 

The following definitions are of terms used 
in chapter 11. 

BALANCED CORE --One with the seated portion 
of the core so proportioned that it will over- 
balance any tipping of that part of the core 
extending into the mold cavity. 
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BEDDING A CORE - Resting an irregular shaped 
core upon a lx*d of sand for drying, 

iiOOT JACK CORK -A type of core used in 
forming comparatively small openings occurring 
alK>ve or below the parting. The seat portion 
is so shaped that the core is easily dropped into 
place. 

BREAKER CORE— Cores designed for the 
purpose of easy removal of risers from castings. 
Breaker cores are set in position over the contact 
area of the neck on an open riser, creating a 
small necking effect, 

CAP CORE— A core superimposed upon a pattern 
to compiete a portion of the mold cavity not 
given shape by the pattern, 

COMBINATION CORE liOX-A core box that 

may Ije altered to form a core of another shape. 
* 

COINED CONSTRUCTION — Refers to a casting 
whose interior is formed by a dry sand core 
or cores. 

CORE oaiER— A metal shell tht^t conforms to 
the shape of the area of a core upon which the 
core rests while drying. 

CORE FRAME — Frame of skeleton construction 
used in forming intermediate size cores. 

CORE LOCK - Matched surfaces so formed upon 
contacting core bodies as to assure their correct 
registering or seating together. 

CORE-MADE MOLD - A mold assembled from 
dry sand core bodies . 

CORE MARKER -A core ccat so shaped that 
the core will register or seat correctly when 
placed in the mold. 

COVER CORE -A core set in place during 
the ramming of a mold to cover and complete 
a mold cavity formed by the withdrawal of a 
loose part of the pattern. 

CRUSHING — The pushing out of shape or dis- 
tortion of a core or mold when parts of the 
mold do not fit properly. 

DROP OR TAIL CORE — The same as a boot 
jack core. 



FALSE COPE — Temporary cope used only in 
the forming of the parting surface and therefore 
not part of the finished mold. 

FALSE SIDE— An intermediate loose panel 
supporting projections or depressions set against 
the inside of a core box or frame. 

FLANGE— A stiffening member or the means 
of attachment to a^iother object. 

GATE CORE--Pre-formed cores made of a 
refractory material such as tile, ceramics, of 
dry sand that are placed in a mold to replace a 
cut or formed gating system. 

INTERCASTING — The casting of interUnking 
members, such as an anchor chain. 

KISS CORE— A core that contacts another core 
or is set against the side of a pattern to supply 
a portion of the mold cavity not furnished by 
the pattern. 

LOOSE FLANGE— Flangp member that maybe 
drawn independently of the body of the pattern 
and is often used in combination with a cover 
core or slab core* 

MARKING A CORE -^Shaping the core print 
portion of a core and its seat so that the core 
cannot be misplaced within the mold. 

OVERHANG— The extension at the parting line 
of the cope half of a core print beyond that of 
the drag in order to form clearance for the 
closing of the mold over the seated core in the 
drag. Also known as shingle. 

RING CORE — Cores designed as green sand or 
dry sand cores used for shaping contours to the 
outside diameter of a casting. Wten a ring 
core is used, thB mold usually requires a double 
rollover, 

SECTIONAL CORE— A core made in two parts 
and pasted or wired together « 

SLAB CORE — A plain flat core. 

SPLASH CORE— Inserted refractory material 
placed in the pouring basin or at the bottom of 
the sprue to eliminate erosion caused by the 
sudden drop or rolling action of flowing metal* 
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STOCK CORES— Cores of standard diameters 
usually made on a core machine and kept in 
stock. They are cut to lengths as required. 

STOPPING-OFF CORE— A core used in stopping 
off an unwanted part of a mold. 

STOPPING-OFF PIECE -SpeciaUy prepared 
piece or section of a patttrn used for stopping 
off an unwanted part of a .nold or core box. 



SUPERIMPOSED CORE — Same as cap core. 

SUSPENDED CORE— A core having the core 
seat so formed that it may be suspended above 
the mold. 

TALLY M\RK— A Symbol or combination of 
symbols indicating the correct location of a 
loose piece of a pattern or core box. 
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Many of the castings which are produced 
aboard ship are not composed of solid metal or 
alloy, but have voids or hollow areas, either 
Internal or external. To prevent the metal 
poured for the casting from filling these void 
areas, sand oores of appropriate sizes and 
shapes are inserted at the necessary locations 
in the mold cavity, before the mold is poured. 

The process of making these cores differs 
from the process of making a mold, in that the 
core sand is not rammed around a pattern. 
Instead, it is shaped to the casting requirements 
in a hollow pattern^ or core box. 

Most of the patterns you will be called on 
to build will not be as simple as the hinge job 
described in chapter 9 of this training manual. 
Some will be complicated by internal cavities 
which will require cores and core boxes. Before 
you continue with the procedure for constructing 
one of these more complicated patterns, you 
should be thoroughly familiar with the funda* 
mentals of cores and core boxes. 

This chapter is divided into two parts. The 
first part deals with the classes of cores, core 
characteristics, types of core prints, and types 
of cores. The second part describes core boxes 
and the various methods of construction. 



CORES 

What is a core? Cores may be defined as 
masses of sand that are placed in the mold, 
or left in the mold by the pattern, for the 
purpose of forming openings and various shaped 
cavities and contours in tte casting. Cores may 
control the casting's interior and exterior 
contours or the flow of metal into the mold 
cavity. In addition, a core may make it possible 
to draw a portion of the pattern from the sand, 
which ordinarily would not be possible because 
of the shape of the pattern; or a core may be 
used to improve a particular surface due to 
the core's special characteristics. 



CLASSES OF CORES 

Tiiere are five classes of cores: 

J, BAKFn or DRY sand cores are made 
from special core sand mixtures. 

2. GREEN SAND cores are made from 
regular molding sands and are formed in the 
mc>ld by the pattern itself. 

3. GREEN-TOPPED cores are combinations 
of green sand cores and baked cores; that is, 
part uf the core is baked while the remainder 
is green sand. This type of core is especially 
useful in casting valve bodies. 

4. CO2 cores are made by mixing silica 
sand wilh sodium silicate (water glass); then 
hardening the mixture by gassing it with caroon 
dioxide (CO2) for a few seconds. This type of 
core has many advantages. Among the most 
important are the following: (1) pasting ^f 
cores may be eliminated, making a one-piece 
core possible, (2) there is no danger of drop-* 
outs, soft spots, or wet spots, (3) less draft is 
required for any loose piece, (4) there is a 
saving in baking or drying time, and (5) closer 
Ul^r.ensional tolerances aie possible. 

5. SHELL cores are made from a resin-sand 
mixture and are formed on the inside of a hot, 
parted metal core box. Most shell cores are 
hollow and serve as vents for the removal of 
gasses; thereby making it possible to produce 
castings with a minimum of locked-*in stresses. 
Using parted metal core boxes simplifies com-* 
plicated coring since intricate cores can be made 
in one piece. 

CHARACTERISTICS 
OF CORES 



A core must not only possess the required 
shape, but it must also have the strength 
necessary to maintain its shape and dimensional 
accuracy after it is removed from the core box. 
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It must have strength to withstand handling during 
assembly* and enougn refractoriness to with- 
stand the heat of the molten metal. It mtist have 
sufficient permeability to vent off gases during 
the casting process* It must have coUapsibility, 
to ensure easy removal from the casting upon 
cooling. 

CATEGORIES 
OF CORES 

The five categories of cores are baked sand» 
green sand, green-topped, CQj , and shell cores. 
The type chiefly used aboard ship is the baked 
sand type. Thd following characteristics of any 
core are needed in all five types: 

1* It should hold its shape before and during 
the baking or drying period. 

2. It must be baked or dried rapidly, but 
thoroughly. 

3« It should have hardness sufficient to 
resist the eroding action of the flowing molten 
metal. 

4. It should produce as little gas as possible 
when It contacts the molten metah 

5. It should liave sufficient permeability to 
permit easy escape of gases formed during 
pouring, 

6. Its surface must be such as to prevent 
metal penetration. 

7. It must have sufficient refractoriness to 
resist the heat of the meta\ at pouring tem- 
perature. 

8. It must have sitfficient hot strength to 
withstand the weight of the molten metal at its 
pouring temperature and during the beginning 
stages of solidification. 

9. It must have coUapsibility, but not to the 
degree as to cause cracks or hot tears in the 
casting. 

10. It must retain its strength properties 
during storage and handling; and if the mold 
in which it is to be positioned must stand for a 
considerable time before the metal is poured, 
the core must not absorb mor'^ than a minimum 
of moisture. 

TYPES OF CORES 

Every patternmaking job presents specific 
problems that will constantly challenge your 
skill and ingenuity. Some of the most difficult 
phases of patternmaking are visualizing the 
Interior shape of a castings designing cores» 



and constructing the boxes needed to make the 
cores. As an aid in these phases of pattern- 
making, brief descriptions of the types of cores 
and their uses are given in the following sections. 
(To avoid confusion, the gating system — pouring 
basin, sprue, runner, in-gates and risers — that 
is necessary in producing a casting will not be 
shown.) 

Stock or Standard Cores 

Stock or standard cores are made in core 
boxes -of standard lengths. These cores are kept 
in stock in the foundry for inmiedlate use. 
Stock or standard cores are made in simple 
shapes » such as roxmd» square, rectangular » 
and elliptical and may be used either horizontally 
or vertically. (See parts B and C of fig. 11-1.) 

Stock cores are helpftil when billets of a 
standard size are to be cast. Billet patterns are 
constructed in a set, such as a 2*-inch outside 
diameter up to a 12-inch outside diameter with 
standard lengths of 6» 9, 12, 15, and 18 inches. 
The series (or set) of patterns are made in 
1/2-inch diameter increments^ while the core 
boxes are made in l/4-inch diameter increments. 
Interchangeable cope and drag prints are used in 
conjunction with the set of billet patterns, making 
it possible to cast billets of the same outside 
diameter but of difiTerent inside diameters. 

Balanced Cores 



Balanced core«3 are cores with the core seat 
«o proportioned that it will overbalance that part 
of the cores extending into the mold 'Cavity. 
They are used on horizontal cores only. (See 
part D of fig. 11-1.) 

View X in part D of figure 11-1 shows a 
cross section of a cylindrical casting containing 
a cavity that extends only part of the way 
into the body* If the cavity had extended clear 
through the casting, tt^re would be no prob^^m. 
A core print could be built on each end of the 
pattern to provide the seat for the core in the 
mold. However, since the cavity penetrates only 
part of the way into the body of the castings there 
is a need for a balanced core print to seat the 
core properly. Notice that the core print is 
longer than the cavity in the casting. This 
balances the core in the mold and helps to resist 
the tendency of the pressure of the molten 
metal to float the core. 
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68.108.1 



Figure 11-1. — Types of core prints and simple applications. 
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68.108.2 

Figure 11-1. -—Types of core prints and simple applications— Continued. 
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View Y in part D of figure 11-1 illustrates 
the procedure for using a balanced core print 
of a flanged nature. The larger core print of 
the flanged type elim' nates the extra length 
needed for balancing the extended portion of the 
core in the mold cavity. In addition^ the flanged 
type balanced core print has a positive core 
locating feature. This feature is called WIT- 
NESSING or REGISTERING a core. The witness 
mirk eliminates the possibility of placing the 
core in tlie mold in any other position than the 
correct one. 

Slab Cores 

Slab cores are plain flat cores (stock cores) 
used to cover an opening formed by the with- 
drawal of a loose piece of the pattern during 
the rammlng-up process. They are made in 
stock boxes and used as requested by the 
Molder. Slab cores eliminate tte use of an 
additional section of a flask* 

A method of producing a four-flanged pipe 
connection using a slab core is illustrated in 
figure 11-2. Part A of figure 11-2 is an ex- 
ploded isometric view of the pattern and loose 
flange: oart B is an exploded orthographic side 
view of the pattern^ the loose flange^ and the 
slab core; parts C, D, and E illustrate steps 
in the production of this four-flangpd pipe con- 
nection; aiKl part F illustrates the finished 
casting. (Remember, the gating system Is not 
shown in fig. 11-2.) 

Since the procedure for this Job uifiers from 
the usual methods of molding, a brief description 
IS given in the following paragraphs. 

The procedure for a four-flanged pipe con- 
nection has two important aspects: Ramming 
up the slab core unnn removal of the loose 
flange, and the elimination of a cheek section 
of the mold. To insert tl^ slab core requires 
a certain sequence of operations. The sequence 
and techniques involved are as follows: 

1. Place the drag flask. Joint down, on a 
molding board and position the drag half of 
the parted pattern in the flask. Ram the drag 
in the usual manner up to the top of the loose 
flange. (See part C of fig. 11-2.) Withdraw the 
loose flange from the partially completed drag 
and place the slab core over the flange opening 
core print. Ram up the remaining portion of 
the drag, place a bottom board on top of the 
drag, and roll the flask over. 



2. Slick the parting surface of the dr«g> 
sprinkle parting sand (partine) over the parting 
and place the cope of the pattern and flask In 
position. Ram the cope in the usual manner. 
(See part D of fig. 11-2,) 

3. Remove the cope section of the mold 
from the drag, and witMraw the cope pattern. 
Withdraw the drag pattern from the drag section 
o^ the mold. Check the mold interior carefully 
and repair damage as required. 

4. Set the Interior core in the mold cavity 
of the drag, taking extreme care in locating 
the core print of the ''T" section into the hole 
in the slab core (see part E of fig. ll-*2)« Close 
and clamp the mold for pouring. The completed 
casting Is Illustrated In part F of figure 11-2* 

Cover Cores 

A cover core is a core set in place during 
the ramming of a mold, to cover and complete 
a mold cavity partly formed by the withdrawal 
of a loose part of the pattern. A cover core 
is used in the same manner as a slab core* 

The term ''cover core^' as commonly used, 
refers to a cope or drag section of the mold 
which is made of oil-bonded sand in a core 
box instead of the usual practice of forming 
it in green sand in a flask. The underside of 
the cover core can be flat or contoured, de- 
pending on the confornmtlon of the shape of the 
loose portion of the pattern. The core box is 
designed accordingly. 

The cover core may "oe made in one or more 
sections depending on the shape and area to be 
covered. In certain types of large castings, 
use of sectional cover cores eliminates the 
use of large flasks and permits the cover cores 
to be made at the same time as the main mold, 
or prior to the preparation of the mUn mold. 

A method of producing a four-flanged pipe 
connection using a cover core Is illustrated in 
figure 11-3. Part A of this illustration is an 
exploded isometric view of the pattern and the 
loose core print for the cover core; part B is 
an exploded orthographic side view of the pattern 
and the loose core print for the cover core; 
parts C, D, and E illustrate the steps in the 
molding of a pattern with a cover core; and 
part F Illustrates the finished casting. (Re- 
member, the gating system is not shown in 
fig. 11-3.) 
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Figure 11-2. — Application of a slab core. 
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Basically, the sequence of ot>erations and 
techniques for molding a pattern with a cover 
core the same as for a slab core* Thv main 
difference is that the loose piece on the pattern 
for the core print of the cover core takes not 
only that portion that locates the core print 
of the main Vxxiy core. I>ut also the full shape 
and size of the flange. 

Suspended Cores 

A suspended core is a core having the core 
seat so formed that it may be suspended above 
the mold cavity. (Part E of fig. 11-1 illustrates 
this principle of coring.) 

The core print extends teyond the pattern 
body and forms a seat, which automatically 
locates, registers, and supports the suspended 
core. The core print of the suspended core is 
formed in the drag half of the mold at the 
parting line: therefore, when the core is set, 
it covers the entire mold cavity except for the 
gating system. The contact area between the 
parting surface of the cope and the top surface 
of the set core prevents the suspended core 
from floating during the pouring of the mold. 

The bearing surface of the core print should 
be adequate to seat and carry the full weight 
of the core. Therefore, the thickness of the 
core should be sufficient to allow reinforcing 
rods to be inserted in the dry sand core. Five 
to ten degrees of taper (draft) on the core print 
are used for ease in core box construction and 
molding* Using over a ten-degree draft on the 
core print may cause a rocking motion of the 
set core when it is placed in the mold, thus 
giving the casting an uneven wall thickness. 
Therefore, to ensure a positive mcrtd lock and 
an even wall thickness of tiie casting, it is 
recommended that a ten-degree draft should 
not be exceeded. 

The molding position for a pattern using a 
suspended core will force any impurities in 
the molten metal to rise to the cope surface 
of the casting where ample finish allowance 
can be provided. 

Superimposed or Cap Cores 

A superimposed or cap core is a core or 
set of cores superimposed upon a pattern to 
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complete a portion of the mold cavity not given 
shape by the body of the pattern. A part of the 
pattern U actually built in a core box, which 
requires the nuking of an oil-bonded core 
instead of the usual practice of forming the 
core in green sand. The oil-bonded core is used 
in the same manner as a slab core, cover core, 
or a ram-up core* The superimposed or cap 
core may be made in one or more sections 
depending upon the detail, shape, and area to 
be completed. 

A method of producing a casting using a 
superimposed or cap core is illustrated in fig- 
ure 11-4. Part A of figure 11-4 is an Isometric 
v^ew of the pattern; part B is an exploded 
orthographic view of the pattern and super- 
imposed core; parts C, D, and E Illustrate the 
steps in the molding of a pattern with a super- 
imposed core; and part F illustrates the finished 
casting. (Remember, the gating system Is not 
shown in fig. 11-4.) 

Basically, the sequence of operations and 
techniques for molding a pattern with a super- 
imposed core is the same as for one with a 
slab core or cover core. The main difference 
is that the shape of the cope side of the pattern 
requires a false cope, a sand match, a follow 
block, or a follow board to be constructed and 
used for support of the pattern during the 
ramming of the drag half of the mold. (See 
part C of fig. 11-4.) 

Kiss Core 

The term ''kiss core'* as commonly used 
means a core that contacts another core^or is 
set against the side of a pattern to supply a 
portion of the mold cavity not furnished by the 
pattern. It may have no core prints and may 
depend on contact pressure to hold the core 
in place. It may be partially anchored with 
core prints and may depend on other parts of 
the core to kiss the mold for further supports 
It also may be anchored on one end with prints^ 
with the other end of the core touching the mold 
or another core. 

Some cores such as the kiss core shown In 
figure 11-5 do not require a core print for 
holding the core in position. They depend on 
contact pressure of the green sand. Cores for 
vertical holes are frequently held In position 
in this manner and may be used In places where 
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Figure 11-4. — Application of a superimposed or cap core. 
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Figure 11-5. — Kiss core application — no core 

prints. 



dimensional accuracy is unimportant. The length 
of the core is 1/64 Inch longer: therefore, the 
core projects slightly above the parting plane 
and is held in place by the cbntact pressure of 
the cope. 

Castings such as the piston for a weight- 
loaded reducing valve shown in figure 11-6, 
require a different application of a kiss core. 
In the construction of the pattern for this piston, 
the inside diameter and the horizontal openings 
(ports) require core prints for support of the 
core. The vertical openings require a core that 
only goes through the casting wall and touches 
the green sand of the mold 'kissing thru*'). 

A method of producing a piston for a weight- 
loaded reducing valve using this application of 
a kiss core is illustrated in figure 11-6. Part A 
of this illustration is an isometric view of the 
pattern and core; part B is an exploded ortho- 
graphic side view of the pattern parts C, D, 
E and illustrate the steps in the production of 
this piston, and part F illustrates the finished 
casting. (Remember, the gating system is not 
shown in fig, 11-6.) 



Another application of the kiss coixi is lor 
casting holes located at an angle to the will;- 
(ir:i\v:U of the [vittern from the nu>kl. lu thi- 
rase, all the holes are made usinj; the pluglxi-^* 
impression, since it is impractieal to draw the 
pattern from the sand with the core prints set 
at an angle. Holes are drilled in the pattern 
at the exact location and angle required. These 
holes are drilled 1/32 inch lai^ger in diami^ter 
than shown on the blueprint. A plug is turned to 
t'le exact diameter of the holes shown on the 
blueprints, thus, creating a free-running fit 
between the plug and the hole. The plug should 
have a stop on one end and a taper on the other 
end for the core print. The pattern is rammed 
up in the usual manner. After the cope is lifted 
off the drug, the plug ifci pushed through each 
hole to the stop on the plug, causing each hole 
in the green sand of the drag to be the same 
depth. The pattern is withdrawn from the drag, 
then small cores kiiown as STUB CORES are 
inserted in the angled holes formed by the core 
print section of the plug. The core print on the 
stub core matches the core print on the plug; 
since the cores are all the same length, they 
will be flush with the face of the mold. When the 
cope is reset on the drag, the pressure from 
the parting surface will hold the stub cores in 
place. 

The method of producing a bracket having 
holes cast on an angle and for molding a pattern 
using a kiss core that has only a single vertical 
core print is illustrated in figure 11-7. Part A 
of this illustration is an isometric view of the 
pattern and turned plug; part B is an ortho- 
graphic view of the pattern showing the lx)red 
holes; parts C, D, E, F, and G illustrate the 
steps in the production of this bracket; and part 
H illustrates the finished casting. (The gating 
system is not shown in fig. 11-7.) 

Ram-Up Cores 

Ram-up cores are used to form portions of 
a casting that are difficult to make in green 
sand. They are ItKxorporated in the mold during, 
rather than after, the mold is rammed. The 
ram-up core is positioned in the flask with the 
pattern and then remains in the mold after the 
pattern is withdrawn. The principle Is illustrated 
in figure 11-8. When ram-up cores are used, the 
mold should be poured as soon after ramming 
as possible, otherwise, the ram-up core will 
absorb enough moisture to cause blows in the 
finished casting. 
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Figure 11-6. — Kiss core application— kissing through to green sand. 
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Figure 11-7. -Kiss core application— using one print and using plugged impressions. 
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Stop-Off or Drop Tail Cores 

A su^^-off core is a core used in forming 
comparatively small openings occurring above 
or Ijelow the parting of the mold. The seat 
portion is so shaped that the core is easily 
dropped in place. In addition, holes top of 
or behind bosses and pads may be formed with 
stop-off cores. 

Figure 11-9 illustrates how a core may 
he used as a stop-off. In the problem illustrated, 
the core also forms the slotted holes in the 
vertical leg of the casting. Thus, in this case, 
the core performs a dual purpose: that of a 
core forming a portion of the casting, and that 
of a stop-off to prevent metal from entering 
that part of the mold cavity formed by the core 
print. Other terms used for stop-off cores are: 
drop-tail, tell-tale, h^el, wing or boot-jack 
cores. 



King Cores 

Often the type of pattern equipmoat used, 
and thus the molding procedure^ depends upon 
the number of castings to be produced. For 
example, If a large number of castings like the 



pulley wheel shown in figure 11-10 is required, 
it would be worthwhi!^; to make a core box and 
use a ring core to form the groove in the rim 
of the casting. A ring core is a core designed 
in green sand or dry sand and is used for shap- 
ing contours to the outside diameter of circular 
castings. It is often referred to as a mold when 
a double-rollover is required. On the other 
hand, if a limited number of these castings 
is required, the use of less elaborate pattern 
equipment may be in order. 

A method for producing a grooved pulley 
wheel (requiring a ring core) with relatively 
simple pattern equipment is illustrated in fig- 
ure 11-10. Parts A, B, C, D, E, F, andG 
illustrate the steps in the production of this 
wheel, and part H illustrates the finished cast- 
ing. (Note that in fig. 11-10 the gating system 
has been included because the sprue leads 
directly to tb:^ nub of the wheel.) 

Since the procedure differs considerably from 
Vie usual method of molding we will consider 
it in some detail. The pulley problem illustrated 
has two important aspects: making the green 
sand core and removing the pattern from the 
mold. To make the green sand core it is 
necessary to mold a false cheek; to remove 
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Figure 11-9.— Stop-off or tail-print core application. 
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the pattern from the mold require? a special 
sequence of operations. The sequence and 
techniques involved are as follows: 

1. Place a cope flask, joint down, on a mold 
board and position the cope half of the parted 
pattern and a sprue pin in the flask. Ram the 
cope in the usual manner as shown in part A 
of figure 11-10. Place a bottom board on top 
of the cope and roll the flask over. 

2. Next, cut the sand at the flask joint down 
about 30"" to the tip of the groove all around the 
circumference of the pattern (see part B, fig. 
11-10). Since the cut-down surface area will 
serve as a core print as well as a parting, its 
length must f>e sufficient to support the core 
after the pattern has been removed. Note that 
two-thirds of the space between the intersection 
of the cu*-down parting line and the flask joint 
lines and the innermost point of the groove will 
be a core print. Adequate core prints are always 
important; in this problem they are crucial. 

3. After cutting down the print-parting, slick 
the surface area, sprinkle parting sand (partine) 
over the parting and place the drag portion of 
the pattern and flask in position. 

4. The next step is to mold the green sand 
core. Carefully tuck facing sand into the grooved 
portion of the pattern. Ram the core tightly and 
form a parting having the same angle on the drag 
side of the core as that previously formed in 
the cope (part D, fig. 11-10). Slick this surface 
area and blow out any loose sand. Apply parting 
sand to tte entire mold joint area and ram 
the drag. 

5. Now lift off the drag (part E, fig. 11-10). 
Note that the core remains in the cope. Next, 
rap and remove the pattern from the drag. 
Close the mold, place a bottom board on top 
of the drag, and roll the entire flask over. 

6. Lift off the cope (part F, fig. 11-10), 
then rap and draw the cope half of the pattern. 
Check the mold interior carefully and repair 
damage if required. Set the vertical dry-sand 
hub core and close the mold for pouring (part 
G, fig. 11-10). 

Setup Cores 

A setup core is a simple core used to sup- 
port a small core in the mold for extra bearing 
surface, if the small core Is likely to be mis- 
aligned by sinking down in the mold. A setup 



core may also be designed to form a boss on 
the end of a casting or to form a seat for other 
cores. It may be designed to be used as a ram-up 
core. 

The core print cavity is usually formed in 
the mold by a core print on the pattern. How- 
ever, if a small print on a heavy core provides 
an Inadequate support in the mold, it may be 
necessary to provide additional support for the 
small core. A brick may be rammed up in the 
mold under the core print to provide this extra 
support, or a special core may be designed to 
form the seat for the small core. Such a core, 
called a SETUP core. Is placed under the small 
core print and used as a ram-up core. 

A mMhod of producing a casting using this 
technique is illustrated in figure 11-11. Part A 
of this Illustration Is an Isometric view of the 
pattern, the main body core, and the setup core; 
parts B, C, and D illustrate steps in the produc- 
tion of this casting; and part E Illustrates the 
finished casting. (The gating system is not 
shown in fig. 11-11.) 

If a number of small core prints project 
from the end of a pattern or core assembly, 
a setup core may be designed to incorporate 
all of the core prints Into one core. This setup 
core may be pasted to the main body core or 
core assembly and the complete core set into 
the mold as a complete unit. 

If a small core print is used for a hole in a 
boss on the end of a casting, a setup core may 
be designed to combine tlie core print and the 
boss into one core. 

The method of producing a casting requiring 
a setup core to include a boss on the end of a 
casting is illustrated in figure 11-12. Part A 
of this illustration is an Isometric view of the 
pattern, the main body core, and the setup 
core; parts B, C, and D illustrate the steps in 
the production of this casting; and part E illus- 
trates the finished casting. (The gating system 
is not shown in figure 11-12.) 

Special Gating System Cores 

The means whereby the molten metal is 
Introduced Into the mold, and a knowledge of 
what win happen when the molten metal follows 
a prescribed path as it enters the mold are 
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Figure H-ll.— Application of a setup core— as a simple core support. 
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factors or primary importance in the production 
of a casting. A gating system plays an important 
part in dimensional casting control and must 
be designed to do the following: 

1. Permit the complete filling of the mold 
cavity. 

2. Introduce the molten metal into the mold 
with as little turbulence as possible to eliminate 
any gas pickup and to prevent mold erosion. 

3. Regulate the rate of flow of metal into 
the mold cavity. 

Special gating cores such as pouring basin 
cores, strainer cores, tile or gate cores, splash 
cores, and breaker cores may be used in con- 
Junction with the general gating system in con- 
trolling the molten metal while it is being poured 
into the mold cavity. Applications of special 
gating cores are illustrated in figure 11-13 and 
are self-explanatory. Definitions of special 
gating system cores are: 

1. POURING BASIN CORE— A core used for 
a cavity on the top of the cope into which metal 
is poured before it enters the sprue. (See part 
A of fig. 11-13.) 

2. STRAINER CORE -A small perforated 
core in the sprue, runner, or gate to prevent 
entrance of slag and other extraneous material 

• into the mold cavity. (See parts B and C of fig. 
11-13.) 

3. TILE OR GATE CORE — Preformed cores 
made of a refractory material such as tile, 
ceramic, or dry sand that are placed in a mold 
to replace a cut or formed (pattern) gating 
system. (See part D of fig. 11-13.) 

4. SPLASH CORES — Inserted refractory 
material placed in the pouring basin or at the 
bottom of the sprue to eUminate erosion caused 
by the sudden drop or rolling action of flowing 
metal. (See part E of fig. 11-13.) 

5. BREAKER CORE — Cores designed for 
the purpose of easy removal of risers from 
castings. Breaker cores are set in position 
over the contact area of the neck under an 
open riser, creating a necking effect. (See part 
F of fig. 11-13.) Other terms used for breaker 
cores £UPe wafer cores and Washburn cor^s. 



CORE PRINTS 

When a core is placed in a mold, there must 
be some means provided to locate, hold, and 
anchor it in position. In order to do this, a i 
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projection is designed and added to the pattern. 
The projecting pieces, called CORE PRINTS, 
are attached to and become a permanent member 
of the pattern. The core prints make an impx'es- 
sion in the sand, thus forming a seat into which 
the core is set and retained in its proper 
position. If it is possible for a core to be set 
in the mold UPSIDE-DOWN or WRONG-END- TO, 
locating marks called WITNESS MARKS (core 
markers or tell-tales) should be provided to 
prevent any possibility of wrongly placing the 
core within the mold. 

Although there are no fixed rules as to the 
length of core prints or how much taper (draft) 
they should have, good pattern practice requires 
that there should be sufficient bearing surface 
to support the weight of the core (depending on 
the type of mold in which the core is supported) 
and the pressure of the molten metal when being 
poured. Core print dimensions which have been 
successful in practical application are listed 
in the following chart and are intended ONLY 
as a guide. 



CORE PRINT DIMENSIONS 



Size of Core 


-u^ngth of Core Print 


Up to 1 1/2 inches 
in diameter 


2-inch core print 


From 2 to 5 Inches 


At least equal to the 
diameter of the core. 


Above 5 Inches in 
diameter 


6 inch core print 
(minimum) 



A few of the proven rules that may be applied 
to the various types of cores and core prints are: 

1. Cores which have a diameter or width 
greater than their length may be molded in 
green sand. 

2. When green sand cores prove imprac- 
ticable» use dry sand cores « 

3« Eliminate small cored holes because they 
can be costly. 

4. All cope core prints should have a 5*^ to 
10^ taper (draft). 

5. All drag core prints should have a 1*^ 
taper (draft). 

6. All loose, round core prints should be 
doweled in the center only. 
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Figure 11-13.— Application of gating system cores. 
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7, All loose, rectangular core prints should 
be doweled with two dowels of different diameters 
to prevent misalignment and improper attach- 
ment, 

8, The larger the core print, the better the 
accuracy in location and support in the mold. 

9, When the length of a core is more than 
twice its diameter, the core should be supported 
at both ends. 

10. Cores should not have diameters that are 
less than one-half the thlckit^ss of the wall 
they pierce • 

11. If the core is round, the diameter should 
equal or exceed the metal thickness through 
which the core passes. 

12. If the core is rectangular, the shortest 
distance across the flats should equal or exceed 
the metal thickness. 

13. Secure the core at both ends if the metal 
thickness through which a vertical core is to 
pass equals two or more times the shortest 
distance across the flats. 

14. Core prints should be of a sufficient size 
to permit easy escape of core gases. 

15. The core print portion of a pattern, 
when practicable, should be so shaped or 
arraiged as to simplify the making of the core 
box. 

Although there are numerous types of cores 
and variations of them, core prints may be 
classified into five general types: (l) cope and 
drag prints, (2) horizontal or parting line prints, 
(3) balanced prints, (4) suspended or hanging 
prints, and (5) tall or drop prints (fig. 11-1). 

COPE AND DRAG 
CORE PRINTS 

When a core is set vertically in a mold, 
core prints are placed on the cope aixi drag of 
thd pattern, thus giving the name COPE and 
DRAG prints (part B of fig. 11-1). The cope 
print is made with considerable taper (draft) 
as an aid in centering the core and to facilitate 
the closing of the mold, while the drag print 
has only a slight taper for ease in hand setting 
the core. 

Tl^ length or height of cope and drag prints 
are in direct proportion to the diameter of the 
core. As thediameter of a vertical core increases, 
the length of the core print may be decreased 
due to the gained surface area of the core 
seat. Therefore, the larger the diameter of the 
core, the thint^r or shorter the core print 
required for support of the core. Various ways 



of determining the dimensions of cope and drag 
prints may be used; one of the simplest is 
illustrated in figure 11-14. The length or height 
(C) of core prints up to 1 1/2 inches in diameter 
may be made equal to the diameter of the core 
(A). Cores above 1 1/2 inches in diameter need 
not be any longer than 1 1/2 Inches. 

HORIZONTAL OR PARTING 
LINE CORE PRINTS 

Horizontal or parting line prints are used 
to form the core seats when the core is placed 
in a horizontal position. (See part C of fig. 11*1.) 
The core prints are usually the same in diameter 
as those of their respective cores. In addition^ 
they should be long enough to give a solid 
bearing surface for the weight of the core plus 
the stress caused by the molten metal as it fills 
the mold; otherwise the molten metal will raise 
or displace the core, maJdng the casting thinner 
on one side. 

The following general rules for determining 
the length of horizontal core prints has proved 
satisfactory in practice: ••For horizontal cores, 
the length of the c e prints should equal one** 
half the diameter of the core plus 1 inch." 
Remem»)er that this is ONLY a general rule 
and any deviation must be considered in relation 
to the job requirements. 

Referring to the preceding chart on Core 
Print Dimensions, note the core print lengths 
reconmiended for the various diameter cores. 
However, the length of small core prints having 
a diameter less than one inch may be consid* 
erably shorter than is listed; the core length 
may be from 3/4 to 1 inch in length, depending 
upon the weight of the core. Horizontal core 
prints should be longer than they would be 
normally, when the center section of the core Is 
heavy and requires more support. 

BALANCED CORE PRINTS 

When a core is placed horizontally within 
a mold and receives its entire support from one 
end, the core print is so proportioned that it 
will outweig^i or overbalance that portion of the 
core extending into the mold cavity. (See part D 
of fig. 11-1.) 

Two methods may be employed to achieve 
this balance. The first method is to make the 
core print lor^ enou^ to balance the wei^t cf 
the unsupported end. The second method (recom- 
mended when an extra long core print is not 
practical) is to enlarge the core print 1^ adding 
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DRAG PRINT 

Drag Print 

A = Diameter of core 

D = Diameter at base of print 

= A + 1 32 + 1/32 
C = Height of print 
E = Diameter of dowel 

The dowel diameter may be determined as follows: 

Diameter of Print "A" 

Up to 7/16" diameter 

7/16" to 5/8" diameter 

5/8" to r* 

1" to 2" 

2" to 3" 

3" and above 



COPE PRINT 

Cope Print 

A = Diameter of core 

B = Diameter at top of print 

= 2, 3 of A 
C = Height of print 
E = Diameter of dowel 
X = 1/8" (constant) 

Diameter of Dowel "E" 

3/16" 

1/4" 

3/8" 

1/2" 

3/4" 

1" 



Example of determining the core print dimension using a 1" diameter vertical core. 

Drag Print Cope Print 



A = 1" diameter 

D = A+ 1,16" = 1 1/16" 

C= 1" 

E = 3/8" diameter 



A = 1" diameter 

B = 2/3 of A = 5/8" diameter 

C = 1" 

E = 3/8" diameter 
X= 1/8" 



Example of determining the core print dimension using a 3" diameter vertical core. 

Drag Print Cope Print 

A = 3" diameter A = 3" diameter 



D = A + M6" = 3 1/16" 

C = 1 1 2" 

E = 3/4" diameter 



B = 2/3 of A =^ 2" diameter 
C = 1 1. 2' 
E = 3/4" diameter 
X = 1/8" 



Figure 11-14.— Cope and drag print dimensions. 

331 



68.109 



ERIC 



PATTEKNMAKEH 3 & 2 



a flange or an offset section to give added weight 
to the supported end of the core^ In addition, 
the flanged or offset section may be used as a 
witness mark to establish the exact depth of the 
core in the casting. When using balanced prints, 
consideration must be given to the length of the 
print. It would be impracticable to balance a 
core with a print several feet in length; instead 
chaplets (metal core supports) should be used to 
support the end of the core within the mo!d 
cavity. 

SUSPENDED OR HANGING 
CORE PRINTS 

A type of print called a SUSPENDED or 
HANGING core print derives its name from the 
fact that the core serves two purposes: (1) as 
a support for the hanging part of the main body 
of the core, and (2) as a complete cover for the 
mold. (See part E of fig. 11-1.) Therefore, 
suspended or hanging core prints ai^e used when 
a cored casting is to be molded entirely in the 
drag. In addition, variations of this core print 
will eliminate the need for a three-part flask. 

TAIL OR DROP 
CORE PRINTS 

On special jobs where cored holes are 
.required above or below the parting line, a 
TAIL or DROP print is used. (See part F of 
fig. 11-1.) The print is so shaped that the seat 
portion allows the core to be easily dropped in 
place. In addition, holes on top or behind bosses 
may be cored in this manner. The print portion 
of the core serves as a means of STOPPING- 
OFF the core seat and of locating the projecting 
core that forms the opening. Stopping-off or 
blocking-off the core seat may be done by 
filling in with a stock core after the projecting 
core has been set; or, after the projecting core 
has been set, by tamping molding sand into 
the core seat impression. In many cases, a 
single core print is sufficient when the projecting 
part is not too long; however, if the projecting 
part is long, the core should be supported at 
both ends. 



CORE BOXES 

The most common method of forming cores 
is to use a core box which is constructed of 
a suitable material* containing a cavity the 
shape of the desired core. This core box is 
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rammed full of sand to form the core. After 
ramming, the core box is removed from the 
core, leaving the core on a core plate for 
supix^rt while the core is being baked. 

The samt* allowances that are made on a 
pattern for draft, shrinl^age, and finish are 
given to the core box. However, in many cases 
the core box is more complicated to construct 
than the pattern. The required number of core 
boxes is always furnished with the pattern and 
therefore becomes part of the pattern equip- 
ment for a particular job. All patterns and 
corresponding core boxes should be marked 
and/or numl)ered to prevent their loss while 
in use and during storage. 

When the method of supporting and locating 
the core is determined, the next step is to 
determine the most practical method of forming 
the core. Core boxes must be constructed not 
only with regard to the size and shape of the 
core, but also with regard to the way in which 
the core can best be supported while drying. 
The shape or form of some cores is such that 
the core box may be made so that a whole core 
is formed; with other shapes it may be neces- 
sary to make a half core at a time. Many cores^ 
depending on their shape, must be supported 
on green sand while drying. Intricate core work 
is sometimes supported upon special metal core 
driers. 



TiPES OF CORE BOXES 



A few of the more common types of core 
boxes are described. Do not assume that these 
are the only types ox core boxes. 

1, The DUMP BOX is one which has four 
sides and a bottom and is open only on the face. 
It is made with butt or dado joints. Sand is 
rammed into the open face and the box is turned 
over onto a core plate. The core box is lifted 
oft. leaving the core on the plate. If any loose 
pieces are used they will dump out with the 
core. Figure 11-15 shows one method of con- 
structing a dump box. 

2. A COLLAPSIBLE CORE BOX is similar 
to a dump box except that the four sides and 
bottom may be disassembled. After sand is 
rammed into the open face, the box is turned 
over onto the core plate. The collapsible box 
is used when back draft prevents the dumping 
of the core out of the box. Instead, the sides 
and bottom the box are disassembled and 
pulled away from the core. (See fig. 11-16.) 
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Figure 11-16.— Collapsible core box. 

3. An OPLN END BOX is» as the name 
implies, open on the ends. The box is set up 
verticaUy so that one end is in contact with the 
core plate. Sand is rammed into the other open 
end at the top. The box is pulled away leaving 
the solid core standing on end. The open end 
box is usually made in parted halves as shown 
in figure 11-17. 

4. A GANG BOX is usually an open end box 
used for making several cores at one time for 
mass production work. See figure 11-18. 



Figure 11-17.— An open end box. 
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Figure 11-18.— A gang box. 
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METHODS OF CQXSTRUCTING 
CORE BOXES 

Core boxes, like patterns^ may be con- 
structed in many different ways, depending upon 
the specific job requirements. Patternmakers 
and Molders in each shop will usually use dif- 
ferent nomenclature for the various types of 
core boxes. However, all core boxes should 
be made strong enough to withstand the rough 
usage they will get in the foundry. The methods 
of construction which the Patternmaker will 
commonly use are described in the following 
sections. 

Solid Construction 

Solid construction us> the name implies is a 
core box that is worked out of solid material, 
(See fig, 11-19,) Semicircular core boxes ol 
3 1/2 Inches or less in diameter are usually 
made of solid construction. The greater portion 
of the waste is removed from ihe core cavity 
by a series of saw cuts (kerfs), and then finished 
by gouges or a core box plane. 

Stepped-Up Construction 

Stepped-up construction is so named because 
the stock, when fastened together, resem*)les 
steps. To save material, core boxes between 
3 1/2 and b inches in iiameter are stepped up 
as shown in part A of figure 11-20. For economy 
in jobs requiring only one castings the core box 
may be stepped up as shown in part B of figure 
11-20. Stepped-up construction is used also in 
the building of pipe and elbow patterns. 




68.120 

Figure 11-19. — Solid construction. 




68,121 

Figure 11-20, — Two versions of stepped-up con- 



Staved or Lagged-Up 
Construction 

This method of construction is used for 
making cyUndrical or conical-shaped cores 
exceeding 8 or 10 inches in diameter. Staved 
construction saves material^ makes the core 
box stronger and lighter to handle, and is more 
likely to retain its dimensional form. Refer to 
figure 11-21, 

Skeleton Construction 



This method of construction is used for 
making extremely large cores for iron or steel 
castings where close precision is not essential. 
The core is shaped by the use of a sweep 
(strickle) as shown in figure 11-22, 
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Figure 11-21. — Staved construction. 




68.123 

Figure 11-22.— Skeleton construction. 



Half-BoK Construction 

This method is used to make a core which 
Is symmetrical about the longitudinal center- 
line. One half-box is constructed; each half 
core is made separately and the two halves are 
pasted together to form the completed core. 
Figure 11-23 illustrates a half-box and the 
half core, 

I^arted Construction 

Parted (split) construction is used to sim- 
plify the making of a solid core in one operation. 
Figure 11-17 shows * parted type core box 
open at both ends. Figure 11-24 shows a three- 
piece parted type core box in which the bottom 
and parted halves may be pulled away from 
the core. 

Framed Box Construction 

This is one of the most comnion methods of 
core box construction. When quality work Is 
required and when time permits, the framed 
box will be made with dado Joints. In a Job shop 
where speed is essential, butt Joints will usually 
be used. 

Combination Box 
Construction 

This method enables you to make several 
different cores by \*ie use of different change 
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Figure 11-23.— A half box. 
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Figure 11-24. — Parted (split) construction^ 



pieces within the core box. These change pieces 
are sometimes referred to as loose pieces* 
Figure 11-^25 shows a typical combination core 
box with change pieces C and D« Note that the 
same half-box may be use<) to make a right 
and left core merely by alternating the change 
pieces. 

Chambered Box 
Construction 



When a core box is built up in sections with 
the grain running lengthwise,^ the box is called 
chambered construction. The sections with 
cro3c-;;rain on the enu» are glued and nailed 
to solid stock (tie-^piece) which runs the full 
length of the box to tie all tt^ sections together* 
(See fig. 11-26.) To give additional strength 
to the box, sides are added as tie-pieces* (One 
side piece and one end piece are not shown in 
fig. tl-26 as an aid in Illustrating the construc- 
tion features*) 

Cono Box Construction 

When a core box is constr^ted with cone 
shapes on the ends for core prints (as shown 
in fig* 11-27), the box is of cone constxaction. 
This type box is constnicted much in the same 
manner as a box of chambered construction* 
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Figure 11-25. — A con bination core box* 
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Figure 11^26*— Chambered construction* 
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Figure 11-27*— Cone construction* 



336 



Chapter 11~C0HES AND CORE BOXES 



Pinless Box 
Construction 

When only a few cores of a simple shape 
are required, a box of pinless construction is 
suitable. (See fig. 11-28.) Band saw an irregular 
line tliTough the box. Put the box back together 
and the irregular cut line will become the cen- 
terline of the box. Lay out the core shape on 
the surface of the box and cut out the required 
shape « ^ 

Wing Box Construction 

Wing construction core boxes are usually 
made up of two or more pieces of stock and may 
be parted along the center as shown in figure 
11-29. Boxes of this type should have dowel 
pins for alignment. When being used, the box 
is filled at the top, then turned over; the box 
is puUed apart, leaving the core on the core 
plate. 

Matal Faced Core Boxes 

When a large number of cores are to be 
made from a permanent wooden core box, metal 
stripping or facing material is secured to the 
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Figure 11-28. — Pinless construction. 




68.130 

Figure 11-29.— Wing construction. 



surface of the core box. The metal facing on 
the core box is to cover and protect the wood 
surface from the abrasive action of the core 
sand during the ramming of the core. This pre- 
vents excessive wear and preventg^ the core 
box from J>ecoming worn and too shallow* 



INTERCASTING OF 
LINKED MEMBERS 

Interoasting of linked members is the 
process whereby two or more castings, such as 
Unks of a chain, or parts of a swivel or pelican 
hooks, are cast interlocked. Designing cast 
units having Intercast members is challenging 
to the Patternmaker; and the principles used 
may be applied to other patter nmaklng problems. 

CHAIN LINKS 

A cast unit, like a series of chain links in 
which considerable clearance exists between the 
Intercast parts, is more a problem of designing 
a gating system than a problem in preventing 
fusion of the Intercast parts. To accomplish 
this with great ease, the Intercast Unks are 
made in a core made mold. The molding posi- 
tions of the links are alternately flat and up- 
aright. The cope and the drag of the mold is 
parted horizontally and vertically along the 
centerlines of the link. By pasting the cores 
together with half of each link in the drag, the 
other half in the cope, each link wiU be com- 
pletely surrotmded by sand. The parting plane 
of the mold requires two different link pattern 
designs: one parting the link into four parts 
lengthwise along the centerlines, and the other 
parting the link into eight parts lengthwise, 
along the centerlines mid tnrough the centerline 
of the stud. (See fig. 11-30.) Tbe core box is 
made with one-fourth of the link fastened to the 
bottom of the box and one-eighth of the lirJc 
fastened on each end and mounted vertical to 
the baseline, with the half round section centered 
in the quarter link. 

In this core box design, only one box is 
necessary to make any number of Intercast 
links. Four cores, when pasted together, will 
make one complete link (fig. 11**31). Every four 
cores that are added will add two more Unks 
which are Intercast together. 

The design of the core box may be one in 
which the series of links have a conmion g^thig 
system, or each link may be provided with 
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Figure 11-30. — Core box setup for a chain. 




23.197 

Figure 11-31,— Core arrangement for a chain. 



individual sprues, gates, and risers and poured 
separately even though several links are in the 
same msld. Note in figure 11-30 that the gatit^ 
system has been omitted. 

After the cores are pasted together it is 
recommended that they be backed up with green 
sand which serves as an added precaution 
against possible metal run-out. 

SWIVEL HOOK 

Intercast memtiers such as the swivel hook 
illustrated in figure 11-32 involve two molding 
operations: casting the hook is the first molding 



operation; casting the swivel about the shank 
of the hook is the second. The shank and head 
of the precast hook must be insulated against 
direct contact with the molten metal used to 
cast the swivel during the second molding and 
pouring operation. Adequate clearance mus*- also 
be provided to permit a freedom of su «tion 
between the swivel and the hook.ln thd finished 
casting. This is accomplished by applying core 
oil to the shank of the hook and sprinkling a fine 
grade of silica sand over the area. Then place 
the hook in an oven for drying. This procedure 
is repeated until a coating of sufficient thickness 
is built up. Pouring the swivel casting completes 
the job. 

The step by step procedure is as follows: 

1. As in all pattern work» draw the layout 
and plan the construction .procedures. Two 
separate patterns are required for the swivel 
hook drawn in figure 11-32; a parted pattern 
for the hook, and a p&rted pattern for the swivel. 
Since the swivel hook shown is rather small, It 
will probably be carved out of a solid piece of 
hardwood stock. (Large swivel hooks can be 
constructed in a single course or a multiple 
course of segments— depending upon the size— 
and splined together for additional strength. 
The head and shank of large hook patterns are 
partially turned on the lathe and completed by 
hand-carving.) 

2. Ram the mold for the hook in the 
conventional manner and pom the casting. 




23.198X 

Figure 11-32.— Drawing of a cast-steel swivel 

hook. 
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3. In addition to the patterns^ you will need 
to make a core box to facilitate the second 
molding ami pouring operation. The core box 
may be made in two halves with built-in core 
locks in order to make sure that the drag core 
lines up or registers perfectly with the cope 
core. Figure 11-33 shows the core box setup 
for th^ swivel hook. The front and side boards 
have been removed to enable you to see all the 
details. 

An alternate method is to make a single 
half->box and to use the two halves of tte hook 
pattern as interchangeable pieces in order to 
make a ri^t and a left half of the core. If this 
latter method is used» do not forget to reverse 
the location of the riser, gates, runners, and 
core locks when making the secoiKi half of the 
core* 

4. Construct a rectangular pattern with the 
same dimensions as those of the completed core 
to serve as a core print. This will provide the 
cavity into which the core may be firmly seated. 

5. Make the cope and drag cores. Place the 
precast hook into the drag core as shown in 
figure 11-34. (The risers, rimners, and gates 
are not shownj Build up the protective sand 
layer to the required thickness around the shank 

the hook. 

6. Paste the cope core on top of the drag 
core» making sure that thet core locks match 
perfectly. 




23.199X 

Figure ll-^SS.—* The core box setup for the swivel 

hook. 




23.200X 

Figure 11-34.— Drag core with the precast hook 

in place. 



7. Ram up the rectangular pattern in green 
saiKl, draw the pattern, and insert the entire 
core into the mold. Close the mold and set the 
pouring cup; now the mold is ready for pouring, 

GLOSSARY OF TERMS 

The following definitions are of terms used 
in chapter 12. 

BOSS— A projection, on a casting, of circular 
cross w'^ctlon. 

COHESIVE —The ability of foundry sand to stick 
together and hold shape. 

PARTINE (PARTING COMPOUND) — Fine bond- 
less commercial preparation dusted over the 
Joint of a mold to prevent the contacting surtaces 
from adhering to each other* 

PLASTIC — The ability of foundry sand to be 
shaped. 

PGBOUS-* Possessing or being full of holes* 

REFRACTORY— Material having heat-resisting 
qualities. 

SLICK— One of a number of tools used for 
mending and smoothing the surface of a mold* 
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STRIKE (STRICKLE) — Piece of material having 
a straight or curved edge used for removing 
excess sand fi^om a flask or pattern. 

STRIKING OFF — The act of removing excess 
sand from a flask or pattern with a strike. 

TEMPERING— Dampening and mixing sand to 
produce a uniform distribution of moisture. 



TROWEL — Tool used in slicking, patching, and 
finishing a mold. 



TUCKING —Packing sand with the fingers around 
flask bars, gaggers, patterns, and other places 
where the rammer does not give the desired 
density. 
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CHAPTER 12 

MAKING AND MOLDING 
A SIMPLE PARTED PATTERN 



In chapter 9» you were given the procedure 
for mhking the layout for a hinge of a rangp- 
finder port cover. In this chapter you will 
be given the procedure for constructing the 
pattern from the layout. If you have studied the 
blueprint carefully while you were scribing tt^ 
layout^ you should have a reasonably good idea 
of how to start the actual construction. You 
will find that most patterns can be made in many 
different ways, each of which may be equally 
suitable for the specific Job. 

In pattemmaking, a quick job for the Pattern- 
maker often results in more work fortheMolder. 
One of the first considerations upon receipt of a 
Job order is how mmy casting are required 
from the pattern. If only one or two castings are 
required, the pattern is usually made as simply 
and quickly as possible. Certain aspects of the 
work may be left for the Molder to do, such as 
forming a parting, or cutting a fillet in the 
sand. If a number of castings are required, the 
Patternmaker does everything possible to reduce 
tto amount of work involved in making the molds. 
The Patternmaker makes the parting, attaches 
the fillets to the pattern, mounts the patterns on a 
match plate or follow board, and includes the 
gates and risers as integral parts of the pattern, 
if necessary. The choice of the particular type 
of pattern equipment and the detailed method of 
pattern construction should be determined throu|^ 
consultation (blueprint conference) between the 
Molder and the Patternmaker. They must select 
the type of pattern equipment that will enable 
the Molder to T)^oc3ui'e a sound usable casting 
qiiickly and cheaply. However, this procedure 
is not necessary for every pattern that is to 
be built. 



CONSTRUCTING THE PATTERN 

The type of pattern equipment selected for the 
hinge pattern under discussion is the single 



loose pattern. The method of construction se- 
lected is the spUt-*half or parted pattern method. 
After you have completed and checked the pattern 
layout as described in chapter 9 and have decided 
upon the method of construction, you are ready 
to select the stock required for the Job. Obtain 
the measurements from the layout and select 
two pieces of white pine of appropriate size, 
making allowance for waste. For this particular 
Job it is not necessary to glue up pieces of 
stock to form the required shape of the pattern. 
As in preparing the layout board when making 
the pattern layout, you must also prepare the 
parting surface of the stock by Jointing, planing, 
and sanding. ^ 

METHODS OF INSERTING 
AND ALIGNING DOWELS 

Figure 12-1 illustrates the next step, boring 
holes for dowel pins. A metal dowel pin is 
usually employed to hold the pattern parts in 
alignment during the ranmiing-up process. The 
pins are placed on the underside of the stock 
as far apart as possible, in order to keep the 
halves in alignment. Either a drill press, hand 
drill, or a brace and bit may be used to bore the 
holes for the dowels. A special T-*wrench is used 
for inserting the metal dowel pins* 

Be sure to place the dowels into that part 
of the stock which will form the pattern. If you 
fail to do this, you mi^^t find that the dowels 
ai^e cut away with the waste stock when the pattern 
is trinmied to size. Be sure, also, to locate the 
dowels so that the two halves of the pattern 
will only fit in one way —the correct way. This 
prevents the Molder from mismatching the parts 
in ramming up top (cope) and bottom (drag) 
halves of the pattern. If only two dowels are 
used, the best way to guard against mismatching 
is to use dowels of different diameters. 

The male (pin) end of the dowel is always 
placed in the cope half of the pattern, and the 
female receptacle is always placed in the drag 
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Figure 12-1.— Boring holes for dowel pins. 



half of the pattern* This permits the Molder to 
place the drag half of the pattern face down and 
flush against the bottom molding board during 
ramming^ as well as making it easier to strike 
off the face of the n;old after it has been rammed 
and rolled over. Figure 12-^2 shows the insertion 
of the male dowel pins. Holes are drilled: and 
dowel pins are inserted by using a special 
wrench. It is most important that the dowels 
be lined up perfectly so that they will prevent 
movement but permit easy separation of the parts. 

Drilling Method 

The simplest method ot drilling the dowel 
holes is the through drilling method* This method 
consists of placing the two halves of pattern 
stock face-*to*face and toe-nallia^ them together. 
Mark the position of the dowel holes on one of 
the outside surfaces of the stock. Using the 
proper size drill for the metal dowel to be 
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Figure 12-2.— Inserting dowel pins. 



inserted, drill through the cope half of thev^t 
stock and into the drag half of tlie stock. The 
depth of the hole in the bottom half should be 
slightly greater than the length of the inserted 
portion of the dowel to keep the dowel from 
iDottoming. (Bottoming is a trade term used to 
indicate that an object will not go into a hole 
to the desired depth because of a too shallow 
dimension.) Remove the toe-nails from the stock 
and insert the dowels. The holes left on the top 
side of the cope half of the pattern stock may be 
plugged with a wooden doweU 



Sandwich Method 

A simple way of lining up dowel holes in cope 
and drag halves is as follows; Drive two brads 
(one for each dowel) into one half of the stock. 
Cut off the heads of the brads leaving a small 
portion of the brad protruding beyond the surface 
of the stock. Place the two halves of the stock 
face-to-face and press them together firmly* 
The projecting brads will mark the centers for 
the dowels. This is a quick method that is suitable 
for most work of ordinary accuracy. here close 
precision work is x'equired, you should use a 
dowel template as shown in figure l2-3« The 
steps in the procedure are as follows: 

1. Get out the stock for the pattern and square 
two edges with the parting surface. 
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WITNESS 
LINE 




68.89 

Figure 12-3. — Using a dowel template. 



2. Get out a thin piece of stock about 1/8 to 
3/16 inch in thickness and square one edge for 
use as a template. 

3. Sandwich the thin template between the two 
halves of the pattern stock and scribe a witness 
line as shown in figure 12-3. 

4« Remove the top half of the stock and brad 
the thin template to the bottom half of the pattern 
stock, making sure that the' witness lines are 
lined up and that the edges are square. 

5. Determine the location of the dowel holes 
and drill thrMO^ the thin template into the stock 
to the correct depth for the dowel. 

6. Repeat this procedure to drill the holes 
into the other half of the pattern stock. Line up 
the witness lines and drill throu^ the holes in 
the template stock to the required depth. 

You frequently will find that the two pieces 
of stock will have shifted slightly after Insertion 
of the dowel pins. True up the working edg^ of 
both pieces of stock on the jointer once again, as 
shown in figure 12-4. This gives you a square edge 
from whJoh to make accurate n^asurements in 
laying out the working drawing on the pattern 
stock. 

Transfer Point Method 

Wlien it becomes impracticable to bore holes 
for the dowels through the pattern or when it is 




68.90 

Figure 12-4. — Truing up the working edge. 



inconvenient to use the sandwich method, it 
becomes necessary to use an entirely different 
method. Steel dowel centers known txs transfer 
points (see fig. 12--5) are tised to locate the 
center of the dowel hole on the opposite half of 
the pattern. The drag holes are bored and the 
female (socket) dowels are inserted. The trans* 
fer points are pushed into the sockets of the 
female dowel and by placing the cope half of the 
pattern or core box over the drag half » the exact 
center for the male dowels is accurately located. 
Notice in figure 12-5 that the transfer point 
just fits the sockets of the female dowel, ensuring 
an accurate location on the opposite side of the 
pattern for the male half of the dowel. 

TRANSFERRING LINES 
TO PATTERN STOCK 

Using the pattern layout as the basis, trans-* 
fer the measurements of the hinge f^om the 
layout board to the pattern stock. The same 
procedure described in chapter 9 is employed: 
(1) the centerline is located; (2) bosses are 
scribed; and (3) the right end detail and then 
the left end detail of the hinge are completed. 
This brings the job to the point illustrated in 
figure I2-*6. 
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Figure 12-5. — Transfer points. 




23.27(68)F 

Figure 12-6. — The pattern laid out preparatory 
to cutting. 



Be sure to lay out one right-hand and one 
left-hand view of the pattern and to avoid the 
common mistake of lajdng out two drag halves 
that will not match. 



BANDSAWING A\D MACHINE 
SANDING THE PATTERN 



The next step is to cut the pattern to the 
desired length, width, and thickness. For some 
Jobs, the lathe is used to turn the pieces with 
the ends of the parted pattern halves glued 
together for 1/2 inch at each end. In the hing^ 
job, use a handsaw to remove the excess wood, 
as shown in^ figure 12-7* You can use a circular 
saw to cut the stock to the desired width and 
length. The planer, drill press, and hand plane 
also can be used to reduce the stock to the 
thickness desired. 

Now sand the outli'^ie of the pattern smooth 
to bring it to the exact dimensions desired, and 
to give the pattern draft. (See fig. l2*-8.) In 
part A of figure 12-8 the Patternmaker is setting 
the tilting table at an angle so that the outside 
surface will be slanted. In part B of figure 12-8 
he is completing the sanding job by operating 
a Sander spindle to smooth out the inside 
curves. 




29.137(68)0 
Figure 12-7. ~ Sawing the pattern. 
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HAND-CARVING 

THE PATTERN FILLETS 

For the hinge pattern, you do not have to 
provide any cores, core prints, or oore boxes. 
However, you must carve a rib for each side of 
the pattern. Figure 12-9 illustrates the start 
of this step. Here the Patternmt\ker has scribed 
the outlines of the ribs on the stock. He next 
proceeds to cut them out, as shown in figure 
12-10. In part A of figure 12-10, the Pattern- 
muUcer is boring away excess wood. Then he 
carves away some more of the excess wood, 
as illustrated in part B of figure 12-10, being 
careful to leave enough material for carrying 
the fiUets. 

In part C of figure 12-10 he is completing 
the carving of the rib to shape with a chisel. In 
part D of figure 12-10 you see the center ribs 
cut out and the pattern ready for the carving 
of fillets. 

In some cases it is possible to carve the 
fillet out of the pattern stock. This built-in type 
is comparatively durable and strong. It is com- 
monly used for long stiaight angles or very 
flat curves. Figure 12-11 shows the Pattern- 
maker cutting a fillet on the hinge pattern. 

Leatlwr fillets are rim on patterns when 
speed is a factor and durability is not required. 
Two methods are employed to secure leather 
fillets to a pattern. One method is to use shellac 
as an adhesive ag^nt, and the other method is to 
glue the fillets to the Job. 




68.92 23.27(68)G 
Figure 12-8. -Sanding. Figure 12-9.- Laying out the sides. 
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USING A GOUGE IN CARVING 
THE RIBS TO SHAPE 




Figure 12-10. —Cutting the ribs. 



68.93 




Figure 12-11.— Carving a fiUet. 



68.94 



You are now ready to complete the pattern 
construction in the series of steps shown in 
figure 12-12. In part A of figure 12-12 you see 
the Patternmaker using a smoothing or Forstner 
bit to remove exoess stock. Part B of figure 
12-12 shows 'the pattern ready for final cutting 
of the rib. Part C of figure 12-12 shows the use 
of a surface gage in laying out the an|^e of the 
rib. Part D of figure 12-12 shows the use ot a 
Forstner bit in cutting the rib down to the scribed 
line. 

CHECKING AND FINISHING 
THE PATTERN 

This brings you to the final step— «4)ioh Is 
finishing the pattern. (See fig. 12-13.) Part A of 
figure 12-13 shows one completed pattern ready 
for sanding. Part B of figure 12-13 shows one 
method of securing the pattern with a clamp in 
the bench vise to facilitate final sanding by hand. 
Ne xt, brush the wood dust from the pattern and 
apply a smooth, even coat of shellac as shown in 
part C of figure 12-13. You should provide 
adequate ventilation when sanding and sheUaoko 
ing to reduce the harmful effects on the lung9 of 
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68.95 



Figure 12-12. —Completing the pattern. 



sandpaper dust and shellac fumes. Coat the pat- 
tern with appropriate colors in accordance with 
the standard pattern color code. After the final 
coat of shellac has dried, fasten the metal 
identifioatiMi tape to the pattern with small 
brads: then dmiblecheck the completed pattern 
for aoouraoy against the layout and the blueprint. 
Figure 12-14 shows the completed pattern ready 
to go to the foundry for molding and casting. 

The Pattemmater*s Job is to make a wooden 
pattern for the Molder to use. The Molder takes 
the hinge pattern, embeds it in treated sand, 
withdraws the pattern, and fills the cavity with the 
molten bronze. This process is discussed briefly 
and illustrated here. For a complete understand- 
ing of the Molder *s Job, read the Navy Training 
Manuals prepared for the Molder rating. 



RAMMING AND POURING 
THE MOLD 

Figure 12-15 shows the first step in the 
molding of the hinge pattern. The Molder has 
placed the bottom or drag half of the pattern 
on a smooth board, called the molding board 
or pattern board. Tte bottom half of the flask, 
known as the drag, has been placed upside down 
on top of the mold board. Notice that the pattern 
is set a little to one side of the center to provide 
space for the gating and risering systems to be 
added later in the molding procedure. A fine, 
dry material, caUed PARTING SAND or partlne, 
is dusted on the pattern to prevent the moist 
molding sand ^om sticking to it. 

Next, sand is sifted through a sieve, called a 
RIDDLE, until it covers the pattern for about 
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68.96 

Figure 12-13. — Finishing a pattern. 



1 1/2 inches. Foundry sand is different from 
the sand you find at the seashore. It must be 
PLASTIC, so it can be formed into whatever 
shape is desired; COHESIVE, so that it will hold 
the shape: POROUS, so that the gases formed 
when the molten metal is poured into it can pass 
through it: REFRACTORY, so that it does not 
burn or melt. Sands used for molds are tem- 
pered by adding water and mixing ther^ so that 
they have a correct moisture content. 

Using his hands for packing, the Molder tucks 
the sand firmly around the pattern and edges 
of the flask. Then he fills the drag with molding 
sand. 




23.27(68)H 
Figure 12-14. — The completed pattern. 




68.99 

Figure 12-15. — The pattern in the drag. 
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The next step is illustrated in figure 12-16. 
The Molder uses the peen end of a rammer and 
rams around the sides of the flask to ensure 
the sand hanging In well. He carefully rams 
around the pattern and then rams back and forth 
across the flask. More sand is added and the 
other end of the ranmer, the butt end, is used 
to pack the sand firmly. With a straightedge, 
called a STRIKE, the Molder levels off the drag 
by striking off all excess sand. A bottom Iward 
is placed on top of the drag, the drag is turned 
over, a.id the moW hoard is removed. Figure 
12-17 shows the drag completed. 

The Molder now gets busy on the top half of 
the flask— the cope. He sets the cope on the 
drag. Some flasks, known as snap flasks, have 
comer hinges which mast be placed at the same 
corner of the cope and drag. The top part (cope) 
of the pattern is placed on the bottom V.alf (drag) 
making sure that the dowel pins seat firmly 
in the dowel holes. Parting sand is dusted over 
the surface of the drag and the pattern. This 
forms a non-binding film between the two mold 
sections so that they will not stick together 
when the Molder separates them later. 

The Molder next prepares openings to permit 
the metal to be poured into the mold and to 
rise over the heavy sections of the casting. 
Figure 12-18 shows how the Molder has placed 
a wooden sprue stick near the corner, and two 




68.100 

Figure 12-16. — Ramming with the peen end of a 

rammer. 




68.101 

Figure 12-17. — The drag completed. 




68.102 

Figure 12-18. — The cope with sprue and riser 

sticks. 



riser sticks near the pattern. The cope is now 
rammed with sand in the same way that the 
drag was prepared. When a packed, flat surface 
is obtained, the Molder partly shapes a pouring 
basin with a gate cutter, which is a small 
U-shaped piece of metal. Then he removes the 
sprue and riser sticks. Figure 12-19 illustrates 
the result of these steps. The Molder finishes the 
pouring basin with a trowel or slick. The cope 
is lifted off and turned over. 
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68.103 

Figure 12-19. — Finishing the cope with a slick. 



The next step is to draw or remove both 
halves of the pattern from the sand. Figure 12-20 
shows the pattern removed from the cope and 
the Molder removing the pattern from the drag. 
He is using a draw spike which he has pushed 
into the center or balance point of the pattern. 
He will rap the draw spike lightly front, back, 
and crosswise with a mallet. In this way, he will 
loosen the pattern. Then he will gently draw it 
from the drag. If any breaks occur, the Molder 
repairs them. 

Gates or passages are made with a gate 
cutter so that the metal, when poured, will ilow 
from the pourh?^ busin opening or sprue through 
the gating system into the cavity formed by the 
pattern and up into the riser openings. The 
mold is blown out clean with bellows. Graphite 

sprayer! or painted on the two surfaces. 
Figure li ' -^ shows the mold ready for closing 
and the pouring of the metal. 

The cope is placed on the drag and the two 
parts wei^ted, snapped, or clamped together. 
The Molder then proceeds to make as many 
molds of the patterns as required by the job 
order. Figure 12-22 shows the Molder pouring 
the metal from a hand ladle into the sprue of 
the mold. Th& metal runs into the risers ai^ 




68.104 

Figure 12-20. —Removing the pattern. 




68.105 

Figure 12-»2l. — Spraying graphite on the mold. 
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there serves as a supply while the casting cools. 
In this way, shrinkage cavities in the casting 
are prevented. Note in figure 12-22 that the 
Molder and his helper are wearing safety clothing. 
The Molder*s helper, the skimmer, is skimming 
or holding back slag or iminirities so they will 
not enter the mold. 

Metal castings take from 5 minutes to 3 
hours to solidify. Usually, the casting is left 
overnight to oool off. When the casting has 
become solid, it is shaken out of the mold. Be 
sure the casting has cooled sufficiently to permit 
safe handllnj. Figure 12-23 shows a comparison 
of the wooden pattern to the casting. The casting 




68.106 

Figure 12-22.— Pouring molten metal into the 

mold. 




23.27J 

Figure 12-23.— Comparison of the casting to the 

pattern. 



still has the sprue, gates and risers attached. The 
molder then uses a sprue cutter or metalcutting 
handsaw to out off the sprue and risers from the 
casting. (See fig. 12-24.) The casting is now ready 
for its final step in the foundry. It is cleaned 
by a hi^ pressure stream of comporessed air 
and sand or shot. Then it is ground on an emery 
wheel and hand filed. The hinge casting now 
appears as shown in figure 12-26 and is ready 
to go to the machine shop for machine finishing. 
The pattern is sent back to the pattern shop for 
storage. 
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68.107 

Figure 12-24.— Cutting the sprue and risers from 
the casting. 



GLOSSARY OF TERMS 

The following definitions are of terms used 
in chapter 13. 

COPE OVERHANG— An additional draft al- 
•lowance to cope core prints of a split pattern 
used to minimize the possibility of crush while 
seating the cope half of the mold. 




23.27K 

Figure 12-25. — The casting as It appears when 
ready to leave the foundry. 



MACHINE FINISH— Operation of turning at 
cutting an amount of stock from the surface of 
metal in order to produce a finished surface. 

MACHINE FINISH ALLOWANCE— An allowance 
made on a pattern to give additional metal 
thickness on the casting for the purpose of 
machining. 

STRESS— Inner forces of opposite directions 
developed in castings during solldliication. 
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CHAPTER 13 

CONSTRUCTING A CYLINDRICAL PATTERN 

AND CORE BOX 



As a Patternmaker on a repair ship or 
tender, you wiU be required to build a great 
variety of patterns. It is practically impossible 
to describe the construction procedures for 
each and every kind of pattern Job you may 
get. Every job is different and oresents its 
own distinctive problems of construction. Tl» 
best that can be done in the limited space 
available in a training course is to describe 
a few typical pattern jobs that provide the 
basic construction procedures. Chapters 9 and 12 
presented the detailed procedures for laying 
out, making, and molding a parted, flat-back 
hinge pattern which required a combination of 
hand-carving and machine operations. The hinge 
pattern was relatively simple and required no 
cores. The construction procedures described 
in making the hinge pattern are basic and may 
be adapted to the construct: on of many other 
kinds of parts, such as brackets, hooks, and 
levers. This chapter will take up the procedures 
for making the pattern for a hollow cylindrical 
casting, which calls for more skill, in that 
a core is necessary in producing the casting. 
This core requires the construction of a core 

box. . ^ ^. , 

The representative sample used in this 
chapter is the pattern for a periscope eyepiece 
housing. Most of the construction procedures 
involve lathe turning operations. Much emphasis 
is given to the precision workmanship required 
In building the core box. These construction 
procedures are also fundamental to the con- 
struction of patterns and core boxes for many 
other cylindrical castings, such as bushings, 
rollers, hollow mandrels, pipes, and spools. 

BLUEPRINT CONFERENCE 

Althougti the blueprint conference, if any is 
required, 'will probably be between the senior 
Patternmaker and the senior Molder, you as a 
PM3 or PM2, should know how the planning of 



a pattern takes place. The blueprint conference 
aids rxll parties concerned in obtaining a better 
understanding of each other's problems and 
results in the production of a satisfactory pattern 
and a sound casting in the shortest time and at 
minimiun expense. This conference is usually 
very informal consiste of two phases: 
a study of the nature and function of the casting 
with regard to size, form, and relation to other 
parts of the assembly; and a study of the methods 
of construction, and the molding and machine 
finishing processes required. 

Figure 13-1 shows the blueprint of the 
periscope eyepiece housing which will be dis- 
cussed in this chapter. Refer to the title block 
which gives you the following information: 

(1) Nomenclature of the part— periscope eye- 
piece housing; 

(2) Kind of metal to be used— aluminum; 

(3) Number of castings required— three; 

(4) Scale and nature of the object in re- 
lation to other parts: 

(5) Revisions to the print, if any; 

(6) Kind of finish: 

(7) Heat treatment data, if required. 

In very compUcated Jobs, the Chief Molder 
may assist the Chief Patternmaker in deter- 
mining the size and shape of the core printe 
required. For other Jobs, the Chief Machinery 
Repairman may offer suggestions concerning the 
amount of machine finish allowance to be added 
and possible methods of oonstructton to facilitate 
machining. 

The PMC and the MLC agree that for this 
particular Job a parted pattern with a straight 
parting Une would be the most suitable method 
of construction. After the details of the pattern 
construction and molding procedures have been 
settled, you will receive your instructions ftom 
the PMC. The complexity of the speclflo Job 
usually determines how detailed your Instruo- 
ttons will be. For the complex Jobs, you may 
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be told what views are required for the layout, 
what shrink rule to use in drawing the layout, 
what kind and size of fillets are required, and 
what allowances should be made for machine 
finish and for draft. For comi)arativeIy simple 
jobs, the PMC will rely on your ability to solve 
these problems for yourself. This prrxjedure 
helps to develop your own skills and initiative. 
Of course, the chief is always ready to offer 
assistance if you have any difficulty. 



DRAWING THE LAYOUT 

Remember that the blueprint shown In figure 
13-1 is a copy of a drawing made to scale 
with the conventional mechanical drawing instru- 
ments. As a Patternmaker, you use the blueprint 
as the original source of all measurements, 
dimensions of the part to be made, and other 
data. However, you must redraw the part on 
a layout board with the proper shrink rule, 
taking into consideration the specific molding 
requirements, such as shrinkages, finishes, 
partings, cores, and core prints. The accuracy 
of the pattern depends upon the accuracy with 
which you draw the layout. 

First, you must study the blueprint so that 
you know it thoroughly and have an accurate 
mental picture of the size and shape of tlw 
casting. Particular attention shoiUd be given 
to the notes on fillet sizes and other data on 
the blueprint. Since the title block of the print 
shows that the casting of the periscope eyepiece 
housing is to be made of aluminum, you will 
use a 5/32-inch shrink rule in drawing the 
layout. When making the layout, use as many 
views as necessary to give the complete picture 
of the ]6b. 

For this particular Job, two full-scale ortho- 
graphic views fone front view and one side 
view) will be required. The top view is un- 
necessary because it does not add significant 
construction features to the other two views. 

The general procedure is to lay out all 
the soUd outline lines, then add the interior 
or hidden lines. The next step is to add the 
mgcMne finish in red crayon or black pencil, 
then add the core prints to complete the layout. 
Allowance for draft is not usually shown on 
the layout so you must remember to add it at 
the time of actual construction of the pattern. 
For Instruction purposes, the layout procedure 
will be described step by step. It is suggested 
that you follow these instructions and prepare 
your own laycHit for practice. 



Select and prepare a layout board large 
enough for the views to be drawn. (If the layout 
board is mere than 10 inches wide, reinforce 
it with battens to prevent warping.) Allow 
additional space for the core prints. Plane 
the surface of the board smooth. Plane the 
bottom edge straight and square to use as a 
working edg? in mtUdng measurements. 

Lay out all outline lines to full-scale on 
both front and side views. For instruction 
purposes, the side view will be drawn first. 
In actual practice, the Patternmaker will lay 
out his measurements on both views at the 
same time to avoid any errors that might be 
caused by the re-settlng of his layout tools. 
With experience, each Patternmaker will develop 
his own short cuts. Refer to figure 13-2, which 
contains all the measurements taken £rom the 
blueprint, and which also indicates the various 
steps in drawing the layout. The sequence of 
steps represents only one procedure for drawing 
the layout. Each Patternmaker will probably 
develop his own work routine. Remember, too, 
that the Patternmaker su^tually works from the 
blueprint and that this extra sheet of measure- 
ments is shown for instruction purposes only. 
Refer to the table of decimal equivalents, shown 
in chapter 8, which you will find to be a great 
convenience in drawing the layout. You are now 
ready to start the layout. 

Lay out the horizontal centerline, which 
represents the parting line, and the vertical 
centerlines, allowing adequate space for the 
required views. Use the combinatitm square 
to draw the vertical centerlines, and the panel 
gag^ to draw the horizontal centerline. These 
lines must be drawn with preat accuracy, because 
they will be used as the basic reference lines 
for subsequent measurements. 

LAYING OUT 
THE SIDE VIEW 

In laying out the side view the steps are 
as follows: 

STEP 1: Measure and scribe a line 3.65 
inches (approximately 3 21/32 inches) to the 
rij^t of the vertical centerline. A check of the 
table of equivalents shows that 3 21/32 inches Is 
actually equivalent to 3.6563 inches rather than 
3.65 inches. A good rule to follow in pattern- 
making is to be sUghtly on the heavy side 
rather than to run the risk of having an in- 
sufficient thickness of metal in the casting. 
Moreover, the minute extra thickness of a 
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particular part of the pattern may always be 
taken down by one or two light strokes with 
finishing sandpaper. This policy will be followed 
throughout the layout procedure and will serve 
to explain sU^t discrepancies between fractional 
and deolnud equivalents. 

STEP 2: Measure and scribe a line .50 inch 
to the left of the line drawn in step 1. 

STEP 3: Measure and scribe a line 3.60 
inches to the right of the verticffl centerline. 

STEP 4: Measure and scribe a line 3.0 
inches to the rl|^t of the vertical centerline. 

STEP 5: Measure and scribe a line .97 inch 
to the rig^t of the vertical centerline. 

STEP 6: Measure and scribe a line .67 inch 
to the ri^t of the vertical centerline. 

STEP T: Measure and scribe a line 2.0625 
inches upward from the horizontal centerline 
to locate the top of the flange. 

STEP 8: Measure and scribe a line 1.82 
Inches downward from the horizontal centerline 
to locate the bottom of the flange. 

Doublecheck all your measurements as you 
go along. Do not wait until the entire layout 
is comoleted to try to locate any errors. Also, 
blacken in the knife lines of the outUne of the 
pattern as you go, to avoid the confusion of a 
mass of scribed Unes. 

STEP 9: Set the dividers and scribe an arc 
above and below the horizontal centerline to 
lay out the diameter of 2.5595 inches. 

STEP 10: Set the dividers and scribe an arc 
above and below the horizontal centerline to 
lay out the diameter of 2.10 inches. 

STEP 11: Set the dividers and scribe an arc 
above and below the horizontal centerline to 
lay out the diameters of 2.875 Inches and 2.8745 
inches. 

STEP 12: Set the dividers and scribe an arc 
above and below the horizontal centerline to 
lay out the diameter of 2.950 inches. 

STEP 13: Set the dividers and scribe an arc 
above and below the horizontal centerline to 
lay out the diameter of 3.250 inches. 

STEP 14: Scribe the two 45* angles called 
for on the blueprint. 

STEP 15: Add the machine finish allowance. 
Referring to the blueprint, you will notice that 
all the surfaces are to be machine finished. 
Next, consult table 10-2, Machine Finish Allow- 
ance Guide, in chapter 10, for the amount of 
machine finish reqpjiired for an aluminum casting 
under 12 inches. You will note that the machine 
finish allowance is 1/16 inch. Add an extra 
1/16 inch to the outside dimensions, as weU 



as to the Internal bore of the layout, ^hea 
adding machine finish allowance to Internal 
surfaces, the finish allowance Is actually sub- 
tracted from the finished dimension. In other 
words, the finish allowance will "make the 
internal bore on the layout smaller. (See fig. 
13-2.) For some jobs, you may have to confer 
with the Machinery Repairman to determine 
whether or not he agrees with the use of the 
machine finish allowance listed in the guide. 
To identify the surfaces that require machine 
finish, color them with red crayon or with 
black lead pencil. To facilitate machining, 
finish allowance is usually added as a panel 
of uniform thickness. Use your best Judgment 
in providing a sufficient thickness of metal 
for machining, and at the same time, avoid 
excessive thichnesses which may cause hot spots 
or shrinkage cavities in the casting. 

STEP 16: Scribe a fillet with a radius of 
1/16 inch at points, a, b, c, d. e, f, g, and h, 
shown on figure 13-2. 

STEP 17: Add the core prints. 

In very complicated jobs, the Patternmaker 
will confer with the Molder at this stage of 
the layout. Since there are no special com- 
plications on this job, you, as a PM3 or PMa, 
will probably use your own judgment or receive 
Instructions from the PMC. You know that in 
order to support the core in the mold, it is 
necessary to ©-"rtend t?.e core prints from each 
end of the pattc The core prints are usually 
the same in dian. .er as those of the respective 
cores, and are long enough to bear the weight 
of the core plus the stress of the molten metal 
as it fills the mold. 

The following Is a general rule for deter- 
mining the length of core prints that has proved 
satisfactory in practice: "For horizontal cores, 
the length of the core prints should equal one-half 
the diameter of the core plus one inch." 
Remember that this is only a general rule and 
that each job must be considered in relation 
to its own specific requirements. For example, 
in this particular Job, since the core will be 
anchored at each end, the possibility of shifting 
is remote. Therefore, a slight deviation from 
the general rule may be permitted. For con- 
venience in construction, the length of the core 
prints decided on is approximately 2 3/16 inches 
at each end. Scribing the taper and crush (cope 
overhang) at the ends of the core prints completes 
the side view of the layout. The cope overhang 
on the ends of the core prints is illustrated 
aa "X" in figure 13-3. 
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LAYING OUT 
THE FRONT VIEW 

Using a panel gage, transfer the necessary 
measurements from the side view to the front 
view. Scribe the required circles with dividers. 
Be sure to flatten the tjottom half of the flange 
shown on the froui. ew. Add the machine finish 
allowance. 

The layout is now complete: your work should 
look like the drawing in figure 13-3. Identify 
the parting line by marking it with the symbol: 



Check the completed layout against the 
blueprint to verify all dimensions and to 
ensure accuracy. It is a good policy to encircle 
each dimension on the blueprint as you check 
your work to make sure that you have accounted 
for all of the Important dimensions. Ttese 
Ught pencil marks n»ay be erased after checking 
the layout. You are now ready to proceed with 
the actual construction of the pattern. 



CONSTRUCTING THE PATTERN 

After completing and checking the layout 
for accuracy, study It carefylly and try to 
visualize the breakdown of the pattern into 
its component parts for construction purposes. 
At this point in the procedure, plan all the 
work processes. Decide which phases of the 
construction win be accomplished by power 
machines; which phases will require the use of 
handtools: what templates will be needed: which 
fillets can be turned ou the lathe, hand-carved, 
or run In with leather. Always keep in mind 
the direction of grain of the stock for the 
following c«asons: 

1. To minimize end grain and short grain. 

2. To obtain a pattern of maximum strength. 

3. To utilize the direction of grain to counter- 
act the war page of adjacent pieces of stock. 

4. To avoid cutting or planing against the 
(preUn during actual construction. 

The pattern for the periscope eyepiece 
housing being discussed In this chapter is 
relatively simple and probably will not require 
extensive conferences with the Molder. The 
type of pattern equipment selected is the single, 
loose pattern. The parted pattern method of 



construction will be used. You are now ready 
to get out the stock. 

SELECTING AND PREPARING 
THE STOCK 

Referring to the layout shown In figure 13-2, 
note that the largest overall dimensions, in- 
cluding the core prtots, are 8 1/4 Inches long 
by 4 1/4 inches wide, by 2 1/8 inches thick. 
Allow an extra inch or so on each end of the 
longest dimension for waste stock. Select a 
piece of white pine approximately 21 inches 
long by 5 Inches wide by 2 1/2 inches thick. 
Plane one face of the stock on the Jointer. 
This surface must be perfectly straight and 
smooth, because later it will become the actual 
luting surface of the two halves of the pattern. 
Also, plane one edge of the stock on the Jointer 
to provide a true and square working edge 
from which you can make accurate measurements. 
Mark an arrow on the stock with black lead 
pencil to indicate the direction of the grain. 
Mark the center of the stock e shown In figure 
13-4. 

Cut the stock in half along the oenterUne 
and place one piece over the other. Just as 
the cope half would fit over the drag half. Locate 
the dowels In cope and drag halves by measuring 
from the working edge of the stock. Make sure 
that the male and female dowel fittings are 
inserted in the pattern portion of the stock 
and not In the waste stock at each end. (Refer 
to the previous detailed instructions for inserting 
dowels of different size.) Very often the in- 
sertion of the dowel pins will cause a slis^t 
misalignment of the two pieces of stock. To 
correct this error, true up the working edges 
of both pieces of stock once again. Use a hand 
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Figure 13-4. Selecting and preparing the stock. 
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jointer plane if the stock is too small to be 
used with safety on the jointer nmchine. 

When preparing the stock for turning this 
parted pattern, you must make sure that the 
parting line, or Joint in this step of the job, 
is exactly in the center. This is necessary 
so that two symmetrical halves will be turned* 
This pattern can be drawn from the sand more 
easily when the maximum di?.meter is at the 
parting line» One good way of doing this is 
by gaging a series of lines eqcoidistant from 
the parting Joint on each end of the stock 
before the two pieces are fastened together 
for lathe turning. See figure Fasten the 

parted pieces together by inserting wood screws 
into the waste stock at each end of the pattern, 
with the screw holes on one piece counterbored 
so that the screw heads are below the outside 
surface. It is very important that the two halves 
be Joined securely to reduce the danger of the 
work flying apart while it is being turned on 
the lathe. 

Mount the work in the lathe, centering the 
stock as precisely as possible by sight. Check 
the accuracy of the mounting by turning a test 
space about 1/8 inch long at each end of the 
stock to a perfect circle* If the edge of the 
circle coincides with two of the ga^ lines, 
one on each side of and equidistant from the 
parting joint, it indicates that the work has 
been properly centered. If not, you will have 
to tap the stock lightly with a rawhide mallet 
on one side or the other to center the work« 
You can also make this test by marking off 
the distance on each side of the parting joint 
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Figure 13-5.— Centering parted pieces for lathe 

turning* 



with a pair of dividers. If the distances are 
tte same, then the work is properly centered* 

LATHE TURNING 
OF THE PATTERN 

Begin the lathe turning operations by turning 
tte largest diameter required first, and working 
ti sequence down to the smallest diameter. 
Referring to the layout in figure 13-3, note 
that the diameter of the flange is the largest 
diameter required for this pattern. Turn the 
entire length of the stock to this diameter. 
When you first start the lathe turning operation, 
you will notice that the gouge tends to vibrate 
the stock a good deal. You must be especially 
careful at this stage to prevent grabbing and 
to prevent dislodging the work from the lathe* 
As the corners of the stock are removed and 
as the work approaches a cylindrical form, the 
vibrations will decrease and will practically 
disappear when th© piece becomes a true cylinder. 
It is advisable, in most cases, to start the lathe 
turning at low speed and then to increase the 
rpm as the stock approaches a true cylindrioal 
form. 

At this stage in the procedure, you must 
scribe two reference Unes to help you locate 
the pattern on the turned cyUnder so that the 
pattern will be centered with approximately the 
same amount of waste stock at each end of 
the cylinder. (Rememtier that you allowed an 
additional inch of stock at each end for waste 
and for the wood screws.) 

Actually you use only one of the reference 
lines at one end of the stock as the guide ^om 
which you can make accurate measurements 
in transferring dimensions of the pattern from 
the layout to the turned cylinder. This is a 
critical reference line that must be scribed 
with care. Locate this reference line on the 
turned cylinder by measuring a distance of 
1 inch inward from one end of the turned 
cylinder. Touch this point lightly with the tip 
of a lead pencil or with the pointed leg of a 
pair of dividers, while the work is revolving 
in the lathe. Be very careful that the work 
does not grab while you are marking or scribing 
this line. 

From the layout, pick up the measurement 
representing the distance between the flange 
and the beginning of the waste stock. This 
is approximately 5 inches. Note that it is not 
necessary to obtain the precise measurement 
because you have a sufficient surplus of 1 
inch of waste stock to compensate for any 
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sllgjhi deviation in measurement. Step this 
dlmensicm off with dividers, as shown in figure 
13-6. In a similar way, scribe the line re- 
presenting the thickness of the flanges, which 
Is 7/16 inch. 

Because it Is sound pattern practice to turn 
fillets in the lathe wherever possible, allow 
an additional 1/16 inch on each side of the 
flange. After allowing an additional l/l6 inch 
for turning the fillets at (a) and (b) in figure 
13-7, you will find that the total thickness of 
the flange is 9/16 inch. 

Turn the next largest diameter of 3 3/8 
inctes. AUow an additional 1/16 inch of stock 
for turning the fillet at (c) in figure 13-7. 
Turn up the diameter of 3.0 inches on the 
right-hand side of the pattern. Using the dividers, 
step off the distance to the end of the pattern 
and to the beginning of the core print on each 
side. Turn up the diameter of the core prints. 
The diameter of the core print on the right- 
hand side is 1.975 inches; on the left-hand side 
it is 2.75 inches. Allow an additional 1/16 
inch of stock for the fillet between the end 
of the pattern and the beginning of the core 
prints at points (d) and (e) in figure 13-7. 
The fillet between the pattern body and the 
core print is sometimes called the CRUSH 
because it reduces the crushing of the sand 
mold during the molding procedures. Transfer 
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Figure 13-6. — Using dividers to transfer dimen- 
sions from the layout to the stock in the lathe. 
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Figure 13-7. — Locating the flange of the pattern. 
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the length of the core prints from the layout 
to the stock, using dividers. To simplify con- 
struction, both core prints are made 2 3/16 
inches long. 

FINISHING 
THE PATTERN 

While the work is still mo anted in the lathe, 
apply one or two coats of ''yellow'* shellac. 
Sand lightly between coats. Remove the pattern 
from the lathe, separate the cope and drag 
halves, and shellac and sand the parting surfaces. 
Compare the cope and drag halves of the pattern 
with the layout for accuracy. Notice that the 
flange on the cope side of the pattern is flattened. 
Pick up the measurement from the layout and 
mill off the 2-inch flat surface on a drill press 
or router, using a Forstner bit followed by a 
smoothing bit. Saw off the ends of the core prints > 
allowing for draft on the drag side and draft 
plus COPE OVERHANG on the cope side. Some- 
tim'.>s cope overhang is also referred to as 
CRUSH because it prevents tearing of the sand 
when the mold is closed over. Sand the core 
prints to the required lengths. Lay off the 
outline of the core on the parting surface of 
the drag half of the pattern (Molder^s Blue- 
print). Shellac the completed pattern according 
to *the Standard Color Code. Insert rapping 
plates and add embossed metal tape pattern 
letters or figures for identification. Figure 13-8 
shows the completed pattern. Note that the pattern 
shown In figure 13-8, intentionally has NOT 
been shellacked according to the Standard Color 
Code to make it easier for you to see the details 
of the construction of the lathe-turned fillets. 



CONSTRUCTING THE CORE BOX 

A study of the layout and of the completed 
pattern of the periscope eyepiece housing will 
help you to decide on the appropriate inethod 
of constructing the core box. For this particular 
job, an open^nd core box of parted construction 
will probably be most suitable for maximum 
accuracy. See figure 13-9. 

You will notice that the core box is made 
in two halves which are equivalent to the cope 
and drag halves of the pattern. Eaoh half of 
the core box is made up of two blocks of wood 
fastened together with glue and reinforced with 
screws. The particular shape of the core makes 
this method of construction especially desirable^ 
because It reduces the amount of hand carving 
required and It saves molding time. The Molder 
can stand the core box on end on a core plate 
and ram the cylindrical core In one solid mass 
of sand. The solid core is placed In the core 
oven to bake» and is soon ready for use in the 
mold. 

For certain similar jobs» where precision 
is not too critical a factor^ you can also use 
the half-box method of construction. However^ 
before you decide upon this alternate method 
you must consider very carefully the relative 
advantages and disadvantages of the half-box* 
The main advantage of the half-box Is that It 
reduces the amount of work for the Pattern- 
maker» because only one-half of the core box 
need be bu:lt. The disadvantages are twofold: 

1. Double work Is inquired for the Molder 
because he hao to ram two halves of the core» 







Figure 13-8. — The completed pattern. 
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Figure 13-9.— Core box for the periscope eye- 
piece housing pattern. 
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bake them in the core oven, and then paste 
the two halves together. 

2. When the two halves of the core are 
pasted together, a certain amount of precision 
is lost, ^ause the thickness of the layer of 
paste may vary from core to core. Making the 
core in two halves also results in the formation 
of a seam or ridge. Usually, in grinding away 
the ridge, some of the core is also ground 
away, whicn, in turn, affects the wall thickness 
of the casting. The undersized core will not 
seat properly on the core prints in the mold 
and will result in an excessive amount ^f metal 
wall thickness on one side and an insufficient 
amount cf metal wall thickness on the other 
side of the casting. This may well cause rejection 
of the casting. 

*^fter considering all these factors, it was 
decided, for precision, to build the core box 
using the open-end method rather than the 
ha If- box method of construction. The steps of 
construction are as follows; 

1. The first step In constructing the core 
box is to get out the required stock. You will 
need four pieces of stock; two for the cope 
half, and two for the drag half. Picking up 
the measurements from the layout, you will 
need two pieces of stock 5 1/2 inches long by 
6 1/2 incht^ wide by 3 1/4 inches thick, and 
two pieces 3 inches long by 6 1/2 inches wide 
by 3 1/4 inches thick. These measurements 
are a little oversize to provide for waste 
stock. (Length of stock Is always measured Xn 
the direction of the grain of the wood.) It is 
advisable to mark an identifying number or 
letter, in pencil, on each pi^ce of stock to 
avoid mismatching the parts. See figure 13-10, 
which shows tte dimensions of the stock required 
for the drag half of the core box. Notice the 
two adjoining ends of the stock; they must be 
sanded smooth, straight, and square in perpara- 
tlon for gluing* This glued joint must be perfectly 
true because you will make many of your 
measureme.ats from this line. 

2. Fasten the t^*o parts with screws, 
temporarily so that the outline of the core can 
be scribed on the flat parting surface. Use no 
glue at this point in this procedure. 

3. Dress the parting surface on the jointer. 
Repeat this procedure for the cope half of tte 
core box. 

4. Locate the dowels in the parting suriai^e, 
mc^king your measurements from the joint 
between the two attached blocks. This joint is 



used as a vex^tical reference line to ensure 
that the aiale and female dowel fittings line 
up perfectly. 

5. Place i\v^ ^'^pe half of the core box on 
top of the drag half and dress one edge on 
the jointer to give you a truo worHing edge from 
which you can make accurate measurements 
daring the rest of the construction procedures. 

6. Lift the cope half off the drag half and 
lay out the outline of the core on the parting 
surface as shown in figure 13-lx. Because the 
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Figure 13-10.— Getting out the stock for the core 

box. 
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Figure 13-11.— Laying out the outline of t!>% core 
on the parting surface of the core box. ^.m* 
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core is perfectly symmetrical aboat the hori- 
zontal axis, you need only to show the wall 
thickness of the casting on one side. The other 
side would be identical. Obtain the measure- 
ments fi ^^ ? he layout, making sure to subtract 
the macr.t'^ finish allowance on the interior 
of the casi.u»^« For example, according to ihe 
blueprint, the diameter of the small opening 
of the easting is given as 2.10 inches. An 
allowance of 1/16 inch (.0625) was made for 
machine finish on each side. The total allowance 
for mac ' ine finish is then 1/8 inch (.125) which 
must be subtracted from 2.10 Inches to give 
the exact diameter (1.975) of the core cutting 
through this part of the pattern. 

Allov/lng for the threads to be cut on the 
inside wall of the casting, the inside diameter 
of the main body of the casting is shown on the 
blueprint as 2.8745 inches. Subtracting .125 
inch tor machine finish allowance, will give 
you 2.75 inches as the diameter of the core 
cutting through the main body of the pattern. 

7. Itemove the screws and separate the two 
blocks of stock so that the semicircular outline 
of the core can be scribed on the ends Oi the 
stock* 

8. Make a series of kerf cuts on the table 
saw as shown in part A of figure 13--12, and 
carve to the line with a gouge. Sand the cavity 
by hand or on a spindle sander. Test the semi- 
circular cavity with a square as shown in part 
B of figure 13-12. 

9. Repeat this procedure with the smaller 
block of stock to form the remaining part of 
the core and the other core print. Lay out the 
guide lines on the parting surface of the smaller 
block of stock and work the 45^ angles from line 
to line by hand as shown in figure 13-13. 




B 
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Figure 13-12.— A. Removing waste stock by a 
seriep <»aw kerfs. B. Testing a semicircular 
core ci'- .iy with a square. 
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Figure 13-13.— After completion of the hand 
carving operations. 

10. Reassemble the two parts of the drag 
half of the core box, gluing and screwing the 
blocks in place. Plug the screw holes. 

11. Obtain the overall length of the core, 
including the core primes, from the layout and 
cut and sand the core box to this lengtli. The 
overall length of the core is taken from the 
length of the drag half of the layout. Use the 
glued Joint on the parting face as the reference 
line from which to moke your measurements* 
Sand and shellac the core box using the Standard 
Color Code. 

12. Repeat the procedure in constructing the 
cope half of the core box. See figure 13-9, 
which lUuf^trates the completed core box. Note 
that the core box shown in figure 13-9 has NOT 
been shellacked in tl» Standard Color Code, 
intentionally, so that you wo>ild be better able 
to see the details of construction. Tte pattern 
and core box are checked for accuracy and are 
then se- U> the foundry for the molding and 
castix.^ operations. 

GLOSSARY OF TERMS 

The following definition of a term is used in 
chapter 14, , 

JIG TEMPLATE— Any device made *o re- 
ceive &r i bold a piece of material for acking 
or outlining. 
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FLANGED FITTINGS 



This chapter will describe a few of the 
various methods of constructing flanged fittings 
and their core boxes. It should be increasingly 
apparent that there is no single, best method of 
construction in patternmaking. Each job order 
mu^t be considered on the basis of its individual 
specifications before you decide upon the method 
of com truction. Although there are some very 
general principles of sound pattern construction, 
there is no fixed set of rules to help you make 
the correct decision in every instance. You will 
have to rely on your own experience or on the 
experience of the senior Patternmaker in the 
ship. 

In making your final decision upon the method 
of construction, you must consider such repre- 
sentative factors as the following: 

1. Number of castings required, 
2« Size and shape of the casting. 

3. Intended use of the casting. 

4. Urgency of the job, 

5. Amount of precision required. 

6. Number of anticipated reorders. 

7. Strength ^ expected life span of the 
pattern. 

8. Molding procedures to be used. 

9. Kind of metal to be cast. 

10. fiqpilpment and skill of personnel 
available. 

In each of the various methods of construction 
described in this chapter, note praticularly the 
fundamentals of pattern joinery involved. The 
fundamentals for laying out and constructing a 
simple parted pattern, a simple cylindrical pat- 
tern, and core boxes were previously described 
in chapters 9, 11, 12, and 13. Once you achieve 
complete mastery of these fundamentals, you will 
be able to make the many other types of wood 
patterns and core boxes required of a PM3 or 
PM2, including the flanged patterns described 
in this chapter. 



The construction methods involved for 
flanged patterns wiJl be illustrated by describing 
s^mples of the more common fittings such as 
straight connections, curved connections. Tee- 
connections, cross connections, and lateral 
connections. It should be noted that the basic 
surface developments described in chapter 8 
can be applied to this phase of patternmaking. 

The reprc^^entative samples of the patterns 
mentioned in this chapter, which serve for 
instructional purposes, illustrate required tech- 
niques for good patternmaking practice. Patterns 
for pipe up to 6 inches in diameter are usually 
made of solid stock split lengthwise into cope 
and drag halves. Patterns for pipe larger than 
6 inches in diameter are usually stepped up 
or built up of staves and headers. When only 
one casting, or just a few castings are required 
from very large pipe patterns, you will probably 
use the more economical skeleton method of 
construction. If you use this method you must 
also construct SWEEPS or STRICKLES to aid 
the Molder in the molding procedure. See figure 
14-1 for an iUiistration of skeleton construction. 

Although it is not likely that you will ever 
be required to build a pattern of such large size 
while serving aboard a repair ship or a tender, 
the skeleton construction method is illustrated 
here to give you a greater appreciation of the 
scope and practical industrial applications of 
this method of construction. 



STRAIGHT FLANGED PATTERNS 
AND CORE BOXES 

A straight flanged pipe fitting (spor>l, or 
concentric and eccentric reducers) is basically 
a short length of pipe with an attached flange on 
each end. The core required for these fittings 
should provide uniform wall thickness and 
strength to all parte of the casting* In the 
manufacture of a flanged pattern, the inside 
and the outside may seem simple, but the 
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Figure 14-1.— Constructing a skeleton pattern. 



construction methods and pattern Jc Itiery used 
require visualization and considerable skill to 
construct the pattern and core box. 

PIPE SPOOL PATTERNS 
AND CORE BOXES 

The first step in constructing a pipe spool 
pattern^ as in all pattern construction^ is to 
study the blueprint or working drawing (part A 
of fig« 14-2), and to prepare a full-sized layout 
(part B of fig. 14-2) using the appropriate 
shrink nile, and including the core prints and 
the machine finish allowance. In addition, the 
layout should include all good pattern con- 
struction features, such as, thickness of flangp-: 
material for flange inserts, position of screws 
for holding the flange material, and position of 
dowels « The sequence of operations in the 
construction of a cast iron pipe spool is 
illustrated in figure 14-2. Part A of figure 14-2 
illustrates a working drawing of a cast iron 
pipe spool; part B illustrates the complete 
layout including all necessary information as to 
its construction; part C illustrates the parted 
pattern stock turned to rough dimensions; part 
D illustrates how to determine the thickness 
of the flange material; part E Illustrates the 
layout of the flange material; part F illustrates 
the proper insertion of the flange material; 
part G illustrates the rou^ turned pattern stock 
and the inserted flanges prior to the final turning 
of the pattern; ai^ part H illustrates the finished 
pattern, the core box, and the casting produced 
by the pipe spool pattern* 



The size of the pattern to be made often 
determines the method of construction. Because 
of its relatively small size» this pipe spool 
pattern will be made of solid stock. The parting 
line divides the body of the pattern longitudinally 
into cope and drag halves* Select and dress two 
rectangular pieces of stock of appropriate size 
for the construction of the pattern. Fasten the 
two pieces of stock together face-to-face with 
screws, center in the lathe for spindle turning, 
and rough turn to the dimensions^ as shown in 
part C of figure 14-2. 

While the body is mounted in the lathe, turn 
up the recesses into ix^ioh flanges P and R 
(part F of fig. 14«*2) will be inserted* The 
recesses must be turned deep enough to provide 
a firm seating of the flange. In addition, the 
depth should be below the surface of the pattern 
to eliminate any feather edges on the fillets* 

The inserted flange method of constrtiction is 
also used in the construction of flanged pipe 
spools, globe valves, and reducing connection 
patterns. Inserted flange construction has 
advantages in that it: 

1. Saves material by enabling you to turn 
up the flanges apart from the main body. (If the 
main body and the flanges were to be turned up 
as a unit in one turning operation, it would 
naturally require that you start with a much 
larger block of stock.) 

2. Makes a stronger pattern because short 
grain is eliminated. 

3. Reduces the tendency of the pattern to 
warp and provides gpireater dimensional stability. 

4. M«Jces the lathe turning operation simpler 
and provides a smoother surface* 

5. Simplifies construction hy permitting the 
turning up of the flange fillets while the work 
is mounted in the lathe aiul the smooth fairing 
of the fillets into the main body of the pattern. 

Determine the thickness of the flange 
material by referring to parts B and D of figure 
14-2. The thickness of the flange material will 
Include: 

1. The fillet turned on the pattern; plus 

2. Draft on the inside of the flange; plus 

3. Thickness of the flange; plus 

4. Finish allowance; plus 

5. Draft on the outeide of the flange; plus 

6. The crush fillet between the outside of 
the flange and the core print. 
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Flanges P and R are made separately from 
the body. Select stock for tlie construction of 
the flanges so that the grain of the wood will 
run transverse to the grain of the wood in the 
main body. (See part E of fig. 14-2.) This will 
eliminate structural weakness in the pattern due 
to short grain. Cut out the flanges, using a 
Imdsaw. Sand the inner scribed semicircle on 
% spindle Sander splitting the line. 

Use the flange as a template for turning the 
recesses in the body of the pattern. Remove the 
rough turned stock from the lathe and separate 
the halves of the body of the pattern. Referring to 
parts B and D of figure 14**2, drill pilot holes 
for wood screws in the center of the flange from 
the parting surface of the pattern. Insert wood 
screws in the pilot holes and secure the flanges 
in position for reinforcement of the Joint. Insert 
and glue the flanges to the body as shown in part 
F of figure 14-2. (Note: When determining the 
position of the wood screw, the position should 
be in the center of the flange, NOT in the center 
of the flange insert. See parts B and D of fig. 
14-2. Placing the wood screws in the center of 
the flange eliminates the possibility of running 
into the screws with lathe handtools when turning 
the flange and the fillets from ^he insert.) The 
edges of the flange inserts are permitted to 
px'oject above the parting surface of the body in 
order that they may be planed true to this surface 
after the glue has set. 

Remount the work in ihe lathe (part G of 
fig. 14-2 whtoh shows the pattern prior to 
finish turning), and finish turn the main body, 
flanges, and core prints to the required size. 
Fair the body fillet and the crush fillet smoothly 
Into the pattern. 

Before removing the work from the lathe, 
sand the work and apply a light coat of pattern 
covering. After the covering is dry, sand it 
lightly. Remove the work from the lathe and 
separate the halves of the pattern* Cut and sand 
draft on the drag half of the core prints, 
matching the length to the layout. Set the cope 
half of the pattern on the drag half and mark 
the length of the cope overhaixg; cut to this 
length and sand the proper draft. Apply pattern 
coating in accordance with the Standard Pattern 
Color Code. The finished pattern will appear as 
shown in sketch X of part H of figure 14-2. 

The pipe spool core bor is actually a half 
dump box. Two half-cores are formed by the box 



and pasted together to form the completed core. 
Select and dress stock to the proper size for the 
box. Using the measurements taken from the lay- 
out, scribe the outline of the core and core 
prints onto the parting face of the solid stook. 
Scribe the semicircular outlines^ of the core on 
the ends of the stock. Cut a series of saw kerfs 
lengthwise between the sennicircular scribed 
lines* Use a core box plane or a sole plane 
to smooth out the semicircular cavity for the 
core. Check the core box as previously described 
in chapter 3 under the section on the core box 
plane. 

Sand the box eim«70th and close the ends of 
the box by attach, ng end pieces at the proper 
length and draft angle. The length of the core 
box is determined by the lexi^h of the drag half 
of the pattern. When two half-cores are pasted 
together, the length of the cope half of the 
pattern minus the length of the drag half of the 
pattern, then divided by two, determines the 
amount of cope overhang allowance. 

Sand the core box and apply a coat of pattern 
covering in accordance with the Standard Pattern 
Color Code. The finished core box will appear as 
shown in sketch Y of part H of figure 14-2. The 
final casting produced by the pipe spool pattern 
(X) and the core box (Y) is illustrated as sketch 
Z of part H of figure 14-2. 

REDUCING CONNECTION PATTERNS 
AND CORE BOXES 



A straight reducing connection is basically 
a pipe spool with a tapered body. (See figs. 14-2 
and 14-3 for comparison .) The reducing 
connection pattern may be parted horizontally as 
previously described for the pipe spool pattern. 
However, since the body shape has a taper and 
is a pressure fitting, the molding procedure for 
high quality castings may be used. This molding 
method requires more cores (a cover core as 
well as a center core) and a larger number of 
moMing operations than does the horizontally 
positioned parted pattern method. (See chapter 
11, Cores and Core Boxes, for a description of 
molding a pattern with a cover core.) 

The sequence of operations for the construc- 
tion of a straight reducing connection is illus- 
trated in figure 14-3. Part A of figure 14-3 
illustrates the working drawing of the reducing 
connection; part B illustrates the complete 
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layout: part C illustrates an exploded view of 
the pattern with the various parts in relationship 
to eaDh other; part D Illustrates two methods 
of turning the pattern (sketch X shows the 
spindle turning method and sketch Y shows the 
faceplate method) part E illustrates the turning 
of the loose flange; and part F illustrates the 
layout of the core box. 

Select a block of wood of appropriate size 
for the pattern, including the core print on the 
small end* (See parts A and B of fig. 14-3.) For 
the spindle turning method allow waste stock on 
both ends, for the faceplate turning method allow 
only enough waste stock for truing up the work* 
Notice in part C of figure 14-3, that the large 
cope core print and the small flange are loose 
as required for vertical molding. 

For the spindle turning method, mount the 
pattern stock ^xjtween centers and turn the 
pattern to the dimensions taken directly from 
the layout. Note the straight section on the pat- 
tern for the loose flange. This length includes 
the thickness of the flangQ plus finish on one 
side plus the fillet on the opposite side* Before 
removing the turned pattern from the lathe, apply 
a light coat of pattern covering, allow to dry, 
and sand it lightly. Upon completion of turning, 
the pattern body will appear as sketch X in part 
t) of figure 14-3, Remove the pattern from the 
lathe, and place a small drill chuck in the taper 
spindle of the headstock of the lathe • Place the 
small end of the pattern on the dead center and 
drill a dowel hole in the large flange end 
through the waste material into the body of the 
pattern. This dowel hole will line up the cope 
core print to the main body of the pattern* Saw 
and trim the waste material from both ends of 
the pattern. 

For the faceplate turning method, mount a 
false fa^eplace on the lathe and turn to a true 
surface. Mount a drill chuck in the tallstock and 
drill a dowel hole into the center of the false 
faceplate. Insert a short length of dowel into 
the hole in the false faceplate. This dowel will 
serve as a centerin; aid for mounting the pattern 
stock on the false faceplate. Drill a dowel 
hole in the centex A the end of Uie pattern 
material and mount the stock on the false face- 
plate with ATood screws. Turn the *>attern stock 
to the dimensions taken directly fronr the layout. 
Before removing the turned pattern from the 
lathe, apply ^ light coat of pattern covering, 
allow the covering to dry and sand lightly. Upon 
completion of turning, the pattern will appear 
as sketc 11 Y in part D of figure 14-3. 



Mount stock thick enough for the loose flange 
on a false faceplate and turn to the proper 
dimensions. (See part E of fig. 14-3.) The hole 
turned in the center of the flange will have a 
running fit over the straight turned section on 
the my in pattern body. Then apply a thin coat 
of pattern covering. Allow the covering to dry 
xnd sand it lightly. 

The loose core print may be turned on a 
faceplate by mounting in the same manner as 
previously described for the main body of the 
pattern. Another method of shaping the loose 
core print is to lay out the size of the ore 
print on the proper thickness of pattern stock, 
cut out to the angle of draft and sand to size 
on the disk sander. Sandpaper the completed 
pattern and apply pattern covering in accordance 
with the Standard Color Code. 

The straight reducing connection core box 
is actually a half dump box. Two half^-cores are 
formed by the box and are pasted together to 
form the completed core. Select and dress stock 
to the size of the box. Note in part F of figure 
14-3, that the length of the taper includes the 
drag core print. Using the measurements taken 
from the layout, scribe the outline of the core 
and small core print onto the parting face of the 
solid stock. Scribe the outline of the ends of the 
core on the ends of the stock. Cut a series of 
saw kerfs to the small end of the scribed circle. 
With a paring gouge cut out the rest of the 
waste material in the box and check with a 
straightedge to complete the tapered box cavity, 
Fz om the proper thickness of stock, lay out the 
cope core print, cut out to an angle on the 
handsaw and sand to the line on a spindle sander. 
Secure the cope core print stock to the core box 
and check the semicircular cavity as previously 
described. Sand the box smooth and close tte 
ends of the box by attaching end pieces. Satd 
the work and apply a coat of pattern covering 
in accordance with the Standard Color Code. 

EXPA*^SION JOINT PATTERNS 
AND CORE BOXES 



Metal pipe exnands and contracts wi^h 
changes in temperature, lengtnening when hot, 
and contracting as it cools. For example, when 
a 100-foot length of copper piping is reised in 
temperature from 80"* to 450**, its length In- 
creases by almost 4 inches. If this same length 
of pipe were secured in a system in such a way 
that no expansion were possible, the stress 
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developed by the ^is9 in temperature would 
readily rupture the pipe. To provide the neces- 
sary expansion required due to heat and pressure, 
specially designed expansion Joints are used. 
Bends, loops, and bellows are introduced into 
piping systems to prevent the development of 
leaks, and to absorb machinery vibration, bulk- 
head and deck stresses, and sudden shock caused 
by the firing of heavy guns. Special expansion 
Joints suoh as those shown in figure 14-4 are 
"Jumped into*' a line that cannot be looped. 
Because of their bellows construction, these 
Joints serve to absorb shook and strain. Convex 
type Joints are the kind most widely used, but 
a concave type Joint is preferable for installati- n 
in a short time. 

Expansion Joints In a number of sifc<?s t.^<i 
availabu aboard ship, however, if some imer- 
gency arises which requires yo;. to make suoh 
a Joint, yoa may follow the suggeated rcethod 
Indicated by figure 14-5. Part A of flg^Aie 14-5 
ilhistrates a working drawing of a single-convex 
bellows type expansior. Joint; part B illustrates 
the layout for the expansion Joint; part C illus- 
trates the core box layout; and part D illustrates 
the faceplate turning of the center section of the 
core box. 




MULTIPLE BELLOWS "OGEE- TYPE 
TYPE 
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Figure 14-4.— Expansior. Joints. 




The construction of a bellows type expansion 
joint is similar to that of a pipe spool pattern. 
The parting line of the pattern divides the body 
of the pattern longitudinally into cope and drag 
halves. However, the 1/8-inch wall {hickness as 
shown in part A of figure 14-5 indicates the 
accuracy required in the turning of the pattern 
and the construction of the core box. Note the 
finish indicated on the working drawing and 
added to the layout, in parts A and B of figure 
14-5. In addition, there are no flanges. The 
finished casting is machined where finish is 
added, and either brazed or sweated into the 
flanges. 

Select and dress two rectangular pieces of 
pattern stock of appropriate size for the con- 
struction of tbe pattern. The two pieces of stock 
are doweled and fastened together faoe-to-face 
with screws, centered In the lathe for spindle 
turning, and turned to the dimensions as indi- 
cated by the layout. The center section of the 
nattem, shown by lines X and X* in part B of 
tigure 14-5, may be turned to shape with the aid 
of a template. The use of a template will ensure 
accuracy when turning the curved contour of the 
bellows. Fair in all fillets carefully into the 
body of the pattern. Before removing the turning 
pattern from the lathe, sand the pattern and 
apply a thin coat of pattern covering. Allow 
covering to dry and sand it ll^^tly. Remove the 
work from the lathe and separate the halves of 
the pattern. Cut and sand draft on the ends 
of the core prints, matching the length of the 
drag half of the layout. A^ly pattern covering 
in accordance with the Standard Color Code. 

From the layout of the expansion Joint (part 
B of fig. 14-5), make a layout of the core box as 
shown in part C of figure 14-5. Mount a false 
faceplate on the lathe, face off and mark the 
center while the faceplate is revolving. By 
geometric construction establish a centerllne 
on the false faceplate. The material for the 
center section X-X* of the core box is prepared 
from two pieces of pattern stock. The two pieces 
are planed parallel to the thickness of "X" and 
Jointed on one edge for matching to the centerllne 
Y-Y' on the false faceplate. Mount the pattern 
stock on the false faceplate, mtetchlng the parting 
surface (Jointed edges) to the established center- 
line on ttie false faceplate. Turn the oiroular 
cavity, noatcldng to a template aa shown in part 
D of figure 14-5. Sand the oiroular cavity 
lightly and apply a thin coat of pattern covering. 
Allow the coating to dry and sand it lightly. 

Remove the turned center section of the core 
box from the lathe and fasten the two pieces 
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faco*to-face to form section X-X» as shown in 
part C of figure 14-5. From material of appro- 
priate thickness for the straight section of the 
core box, lay out che semicircular cav ity, cut 
out, check for accuracy, and sand lighrly, Hefer- 
ring to part B of figtL^e the length of the 

straight section of the core ^k>x (Z) is traas- 
ferrecl to the straight core box .Uock* Cut the 
core box to length, and secure in position* Sand 
draft on each end and fasten end pieces to 
complete the l>ox. Reinforce the core box to 
attaching plankwise stock to the lK)ttom of the 
box and attach vertical grain blocks to the out- 
side corners. Sand the box and apply a coat of 
pattern covering in accordance with the Standard 
Color Code, or Tentative Standard Pattern Color 
Code. 

CiaVED FIAXGED PATTERNS 
\SU CO:tE BOXES 

Curved pipe patterns are essentially a length 
of pipe bent or curved to a given angle. They 
may be any angle of curve from a straight 
connection to a 180-degree return bend. A flange 
may be attached at one or both ends of the 
curved section. The methods of construction 
for »)oth straight and curved pipe patterns are 
somewhat similar, hov/ever, the manner of 
fitting curved sections to straight parts may 
vary from job to Job. When deciding whether 
to hand-carve or to turn the curved sections 
of the component parts, various factors should 
be considered, such as waste of stock, strength 
of the pattern, and saving of time. 

Basically, the rules governing the deter- 
mining factors for hand carving or turning the 
curved sections are as follows: 

1. If the radius of the curved section Is 
large, and the degree of sector Is small, the 
curved section should be carved. 

2. If the radius of the carved section is small, 
and the degree of sector Is large, the curved 
section should be turned. 

Since the differences between the two ex- 
tremes are great, the manner of producing 
these curved sections should be a matter ol 
good, sound patternmaking judgment. 

PIPE ELBOW PATTERNS 

Mite red construction, segmental construction, 
hand carving, and lathe turning are the methods 
used to produce curved pattern component parts. 



These methods are described in the following 
paragiaphs. 

AHhough the 90° pipe elbow is used as a 
sample pattern lor curved sections of pipe, 
the mi^hixls doscrited in this section may be 
used on any pattern involving bends or screws. 

Mitered Construction 

Preparing the layout will help you to decide 
upon the method of construction. Prepare a 
working drawing showing the constmictlon fea- 
tures as illustrated In part A of figure 14-6. 
Note that a^ proximately l/8-lnch machine finish 
is added to one face of each flange to allow 
for the f2 finish required. The other side of 
the flange will require approximately 1/32-lnch 
mjchine finish allowance for the fg spot face. 
Core prints are made long enough to provide a 
firm seat for the curved core. The following 
is a brief summary of the methixl of construction 
to be used. 

Because the elbow Is less than 6 Inches in 
diameter, the pattern will be constructed of 
solid stock, parted lengthwise at the parting 
line into cope and drag halves. Note that each 
half (cope and drag) of the pattern Is made In 
two parts which are glued together on a 45"^ 
miter and reinforced by means of a spline. 
Both parts may be turned in the lathe in one 
turning oix?ratlon. Turn up the recesses into 
which the flanges will be Inserted* Attach the 
flanges to the main body. Fair the fillets smooth- 
ly into the main body of the pattern* Remove 
the work from the lathe and cut the stock In 
half. This will give you two pieces of stock 
for the cope and two for the drag half of the 
pattern. Glue the two pieces of the drag ou a 
45"" miter and reinforce the joint with a spline. 
Lay out the DO"" curve on the parting surface 
and hand-carve to the lines. This procedure Is 
merely one method of construction. Alternate 
methods will be presented later. 

With a clear understanding of the method 
of construction to be used, you will be better 
able to select your stock with a minimum of 
waste. Because both parts of the main body ol 
the pattern are to be turned In only one lathe 
turning operation, you will need two lengths of 
stock approximately 2 1/4 Inches thick by 4 1/2 
Inches wide by 18 Inches long securely fastened 
together face-to-face to form a rectangular 
block. After completing the turning operation 
and Inserting and turning the flanges, cut the 
stock In half, making two 9-lnch lengths. 
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The inserted flanges will be made from a 
length of stock dressed to the sam? thickness 
as the width of the recess turned in the main 
body. Lay out the four semicircular flange 
sections (two for the cope half and two for 
the drag half) as shown in part B of figure 14-6. 

Center the rectangular block of stock in 
the lathe. Turn up the diameter of the core 
print (2 1/2 inches) at each end of the stock. 
N^xt turn the recesses into which the flangjes 
will be inserted. Note that the recesses must 
be m.ide wide enough to include the 5/16-inch 
nilet, and m«ist be deep enough {3/16 inch is 
suggested) to provide a firm setting for the 
flanges (part C of fig. 14-6). 

Dress a suitable length of stock to a thick- 
ness equal to the width of the turned recess. 
Lay out, and on the handsaw, cut the semi* 
circular flange sections. Note that the grain 
of the wood in the flange stock runs transverse to 
the grain of the wood in the main body. Remove 
the work from the lathe, separate the cope 
and drag halves, and glue the flange sections 
In place. Reinforce the joint with one or two 
screws. The heads of the screws are counter- 
sunk and covered with wooden plugs. The 
edges of the flange section are permitted to 
project above the parting surface so that they 
may be planed uerfectly true to this surface 
after the glue has set. Fasten the two halves 
of the pattern together and remount the work 
in the lathe. Turn up the flanges to the required 
dimension, allowing appx'oximately 0.02 inches 
draft. Fair the fillet smoothly into the main 
body of the pattern. This completes the lathe 
operation, and leaves a rectangular block of 
stock about 9 inches long, at the center of the 
turned work from which the elbow will be 
hand -carved. 

Remcve the work from the lathe. Separate 
and mark the cope and drag halves so that 
there will be no mismatching of parts. Scribe 
the horizontal centerline on the parting surface 
of each half of the pattern. Cut the stock In 
half: this gives the two parts of the cope half 
and the two parts of the drag half of the pattern. 
Resume the construction with the drag half of 
the pattern. Superimpose each part of the drag 
on the layout board in order to establish the 
location of the construction joint. Cut and fit 
the second part of the drag to match perfectly 
with the first part on a 45' miter. Glue together 
the two parts of the drag half of the pattern. 
Insert a spline to reinforce the glued joint. 
Toenail the parts directly to the layout board to 
prevent any shifting while the giue is setting. 



Draw the two parts together with pinch dogs. 
(See part D of fig. 14-6.) 

Scribe the 90" arcs on the parting surface 
of the rectangular block of stock. On the 
handsaw, cut along the arcs and sand to the 
lines on the spindle sander. Rout the curved 
elbow down to the required height on the 
boring mill as shown in part E of figure 14-6. 

Hand-carve the elbow with the aid of a 
temi«late. Be especially careful to carve a true 
semicircle in order to avoid backdraft. Pre- 
cision is of utmost importance because any 
variations from a perfectly semicircular shape 
in the pattern will affect the 'mil thicknes' 
of the finished casting. If the wall thickness is 
nDt within the tolerance specified, the casting 
will probably be rejected. Construct the cope 
half of the pattern in the same manner and 
ma'ch It perfectly with the completed drag 
half. 

Sand the completed pa*:tern until smooth. 
Insert rapping plates in the parting surfaces. 
Shellac the pattern in the Standard or Tentative 
Standard Color Code. Add identification tape if 
required. 

Segmental Construction 

The curved portion of the 90* elbow pattern 
may also be shaped by using an entirely different 
technique. One method involves turning plank- 
wise stock into the shape of the doughnut. Still 
another method, is the hand carved segment 
method. Each method will be described in the 
following paragraphs. 

PLANKWISE TURNING METHOD. —Select 
plankwise stock (stock with the grain going in 
only one direction) slightly thicker than half the 
thickness of the finished pattern and large 
enough to admit the outline of the carved sec- 
tion. B indsaw the outside diameter slightly 
larger than required by the finished dimensions. 
Mount the plankwise circular stock on a false 
faceplate with the wood screws on the centerline 
of the doughnut. Placing the screws on the 
centerline will prevent the lathe operate^* from 
turning into the screws when shaping tht dough- 
nut. True up the face of the plankwise stock to 
one-half the thickness of the finished dou^nut. 
Scribe the inside and outside diameters of the 
doughnut on the face of the plankwise stock. 
Torn the waste material from the scribed lines 
straight (90') into the wooden false faceplate. 
Check the work with a combination square from 
the face of the plankwise f ' xjk or with inside 
and outside calipers. 
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Prepare a template of the half-round cross 
section of the doughnut. Turn the doughnut to 
shape, checking with the template, and leave 
a small amount of stock for sanding. Before 
removing the turned doughnut from the lathe, 
establish the 90*^ qaadrant joint lines by using 
a surface pla^e and a > irface gage. NOTE: The 
quadrant joints should be in the correct position 
on the plankwise turned doughnut (parts A and 
B of fig. 14-7) to have the direction of the grain 
in the curved part follow as nearly as possible 
to a circle. Rem* ve the doughnut from the fals^ 
faceplate; and handsaw close to the scribed 
lines. The bandsaw cut should be in the waste 



portion of the doughnut. Sand square on a disk 
Sander, splitting the scribed lines* From this 
point, the construotion of the rema-nder of the 
elb*>w pattern will be similar to the mJtered 
construction previously described. (See fig. 

QUADRANT TURNING METHOD. — In the 
quadrant turning method, two 90** segments of 
appropriate thickness (one-half the thickness of 
the finished dt^ughnut) are laid out with the grain 
of the wood follo wing as close to a circle as 
possible. The other two 90^ segments mxxy be of 
scrap material. Cut the pattern stock close to 
the line and sand the straight radial ends square 
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Figure 14-7.-90° elbow pattern 5ho\ving construction features. 
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on a disk ssander. The four 90° segments are 
matched to the vertical and horizontal center- 
lines on the face of the false faceplate. I'se at 
least three wood screws in each segment in 
secviring the pattern stock to the false faceplate - 
Turn the pattern stock to the required doughnut 
shape as previously described. Remove the four 
90* doughnut quadrants from the false faceplate 
and dispose of the two scrap segments. From 
this point, the construction of the olbow pattern 
has been previously described. 

HAND CARVING METHOD.— In the previous 
paragrajrfis, the curved section of the pattern 
was formed by turning on the lathe and using 
parts of the doughnut for additions to the main 
body of the pattern. However, there are several 
reasons why this method is not always practical 
and sometimc-s is impossible. For Instance, 
the lathe in the shop may be inoperative or it 
Is possible that the carved section would not be 
a true radius, such as a reducing bend. A 
reducing bend (covered later in this cnapter) 
is similar to an elbow with the exception that 
the diameter of one end is larger than the 
diameter of the othei end. ^ 
For the hand oarving method, only two 90 
segments are used (one cope and i>ne 'Irag), 
matched to the pattern and hand-carved wHh 
the aid of a template. 

From the layout, determine where the con- 
struction joints will be. The flanged end sections 
of the pattern are cut and toenailed to the layout 
board so that the joints ai-e properly aligned 
with the construction line. With the grain of the 
wool following the direction of a circle, fit a 
block of the proper thickness between and to 
the two flanges. This block is the segment which 
Is to be hand-carved. 

Using dividers, scribe the centerline on the 
segment block. Also scribe the inside and out- 
side diameters of the curve. Remove the block, 
handsaw close to the line and sand, splitting 
the line, on a disk Sander and spindle sander. 
Make sure the sanded surfaces are square with 
the parting of the block. 

On the straight radial ends scribe semi- 
circular lines representing the diameter of 
the end. Scribe 45° lines extending from the 
top surface of the block to the curved sides, 
tangent to the semicircular lines on the radial 
ends. Scribe additional diameter lines on the 
top surface as guidelines for roughing out the 
45** chamfer on the edges of the segment. This 
chamfer will establish five definite reference 
points for hand carving. Chamfer the top corners 



of the segment to the 45° lines scribed on the 
ends, using the additional diameter lines as 
gui.lus. 

With the aid of a semicircular shaped 
template used on a radial line from the center 
point of the carved section, hand-carve the 
segment block. Giue the carved segment block 
to the flanges previously toenailed to the layout 
board. 

When the glue has dried, match and secure 
the cope flanges to the drag half of the pattern 
and insert the cope half of the segment block. 
Repeat the procedure for hand carving of the 
curved section and glue in position. When the 
work is a.5sembTed and the glue has dried, 
fair any differences in diameters by paring 
and sanding. 

PIPE ELBOW CORE BOX 

Tho half-box method of constructing the 
core box for a 90" elbow pattern is the fastest 
but not necessarily the most accurate method 
of construction. However, you will find it a 
very useful construction technique because of 
the urgency of much of the pattern work re- 
quired on repair ships and tenders. 

Pick up the measurements from the pattern 
layout. Select and prepare the stock for con- 
struction. Plan the construction so that the most 
difficult part of the job, ttiat is, the curved 
portion of the elbow, can be turned on a face- 
plate in the lathe. Use a template of the form 
shown in part A of figure 14-8 for greater 
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Figure 14-8. — 90* elbow core box. 
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accuracy in turning the desired senrcirc i:ir 
eav'ity. The core prinfs can l>e hand-carved in 
one lone piece a id afterward cut to the required 
lengths • The compoatrnt parts are then glued 
and screwed to a backing Jx)ard to give the core 
box strength and rigidity. The end pieces are 
aided to the core prints to retain the core sand 
within the core box during the ramming 
procedure^ Part B of figure 14-8 shows the 
completed half-box. 

To overcome the disadvantages of the half- 
box method of construction, it is suggested 
that you build the vore tox in the more 
conventional ma mer, u. ing parted half or cope 
aad 'Irag sections. The erads of the cope and drag 
halves of the core lx)x must l>o closed in order 
to retain the core sand within the Jx)x during 
the ranmPriT procedure. It is also recommended 
that you m«xiify the parted half construction 
method by adding markers to the core prints* 
A MARKER is a shape which is added to the 
core prints to ensure a correct setting of the 
core in the mold* In order to give you a better 
appreciation of the value of markers, let us 
first consider what effect a core made WITHOUT 
markers would have on the poured casting of 
a 90"" elbow. One of the difficulties of using a 
core for a 90^ elbow made in the conventional 
manner, without markers. Is to keep the core 
from shifting position in the moJd while the 
molten metal is \)eing poured. One of two things 
may happen during the pouring procedure to 
change the position of the core in the mold* 
If the curved core sags m the middle, it will 
result in the lower side of the casting being 
too thin. If the core floats on the molten metal, 
it will result in the upper side of the casting 
l)eing too thin. In either case, the resulting wall 
thickness of the casting will not be uniform. 

One way of solving this problem is to make 
the core prints extra long in relation to their 
diameters so that enough bearing surface is 
provided to seat and to balance the core firmly 
in the mold* For certain pattern joos it may 
aot be practical to increase the length of the 
core prints to the extent required to seat the 
core properly. In such cases, the Patternmaker 
may use MARKERS. The process of molding 
a marker as an integral part of the core is 
sometimes referred teas ''registering a core.*' 
The marker not only helps the Molder to seat 
the core but it also eliminates the possibility 
of placing the core in the mold in any other 
position than the correct one. The marker is 
usually built into the drag half of the core box. 
See part A of figure 14-9. 



MARKER 




• A''— Drag Half of Core Box. 
"B''— Cope and Drag Pattern Halves. 



Figure 14-9. 



68.152 

\ 90"* elbow pattern and core box 
with markers. 
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When you axo planning to use markers to 
help register the core, you must include the 
specific shape of the markers on the layout 
prior to the construction of the pattern. This 
procedure ensures accuracy in the location of 
the markers and also reduces the possibility 
of forgetting to add the markers to the drag 
half of the pattern at the time of construction. 
Part B of figure 14-9 illustrates markers built 
on the core prints of the drag half of a 90"" 
elbow pattern. 

When a large number of 90"^ elbow castings 
are required, you can sa/e a considerable 
amount of time by constructing a double elbow 
pattern and core box. See part A of figure 
14-10 which illustrates the construction features 
of a double elbow pattern. Note that double 
construction is not quite the same as building 
two complete and separate patterns and core 
boxes, and yet it ei*ables the Molder to make 
two castings at a time in one mold. 

First, cut the semicircular flanges on the 
handsaw. Then turn up a doughnut-shaped ring 
to form the curved portion of the double elbow 
pattern. Select your stock in gluing up the 
required course of segments so that short 
grain is eliminated. In the lathe, turn the core 
prints and connecting tenons in one piece, as 
shown in part B of figure 14-*10. Note that 
shoulders are turned to provide a firm seat 
against which the inserted flanges will butt. 
Remove the work from the lathe and cut along 
the lines shown in part B of figure 14-10. 
Separate the cope and drag half-sections. As- 
semble the component parts of the drag as 
follows: Glue the flanges to the core prints 
and reinforce the joints with wood screws. 
Cut the doughnut-shaped rin^; into quarters 
to form the curved portions of the elbow 
pattern. Carefully bore into the ends of the 
quartered sections to receive the connecting 
tenons on the core prints. Use the layout scribed 
on the layout board as an aid in aligning the 
component parts of the drag half of the pattern. 
Hold the parts in place by nailing small blocks 
of wood at strategic points on the layout board. 
Fasten the component parts together with glue 
ami reinforce the joints with wood screws. Make 
sure that the parts have not shifted position 
during the gluing procedure. Run in leathers 
fillets to fair the junction ixjtween the flanges 
and the curved parts of the double elbow pat- 
tern. Sand and shellac the completed pattern. 
Add identification tape. 




D 
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Figure 14-10.— A double elbow pattern 
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Certain emergency situations nill conio up 
from tinu^ *o rim<^ when the urgent n<x\i for 
a pattern uill prevent you from taking the 
additional time required lo .isc the inserted! 
flange mothtxl of construction. Kor these rash 
jo*)S, you may turn the core prints, tcnoni>» 
and flanges in one 0|KMMtion on the lathe. ^ee 
part C of figiure 14-10. Tht? main objection to 
this method of construction is that there will 
Ix^ .short gi^ain in the flanges. The overall 
diameter and thickness of the flanges of the 
specific job will determine whether or not the 
flanges should be turned in the lathe. The 
greater the portion of the flange projecting 
above the main body of the pattern, the easier 
it is for the flanges to \)c accidentally broken 
off in the m.ilding procedures. Thus, vvhile you 
m.iy have saved some time in building the 
pattern, you may find tha<^ the resulting pattern 
is not stuixly eno igh to hold up during the 
molding procedui^e. There are no set rules to 
help you make the right d«»cision. You will have 
to rely on your ow>i ex;X>rience or on the 
ex;)erienoe of the senior Patternmaker in the 
shop. 

The cor? box for the double elbow^ pattern 
is constructed in the same manner as the core 
box for the single ellx)w pattern. Turn the 
curved portions of the elbow on a faceplate 
on the lathe. Hand- carve the core print out 
of one long piece of stock and afterward cut 
it to the required lengths. Glue and screw 
the com,K>nent parts to a backing board to 
give the core box strength aid rigidity. Add end 
pieces to the core prints to retain the core 
sand within the core box during the ramming 
procedure. See part D of figure 14-10. 

RETIKN 3END PATTERNS 

In making a pattern for a return bend, nearly 
all of the work may be done on the lathe. 
Compare the ma^s production method for an 
elbow pattern to the method used in the return 
bend. (See figs. 14-10 and 14-11.) Note the 
slight difference in the manner of construction. 

Part A of figure 14-11 illustrates the layout 
for a return bend and a possible method for two 
patterns: part B illustrates the turning of the 
doughnut for the pattern: part C illustrates 
the flange and core print setup: part D illus- 
trates the drag half of the pattern built up 
on the layout board: part E illustrates the cope 
half matched to the drag half of ihe pattern; 



part V illustrates the core I)ox turning; and 
part G illustrates the core box setup. 

Krom the layout of the return bend (part 
A of fig. 14-11), select stock of appx^opriate 
size for the body of the pattern. Tlie stock for 
the ihxly is prepared from two pieces of pattern 
material slightly thicker than one-half the thick- 
nc^ss of the finished pattern. The jointed edges 
are placed together, matched to the centerline 
of the false faceplate and secured :or turning. 
Kace off and turn the doughnut body to size 
ana sh i;ie checking with a template (part B 
ci fig. 14-11), Select stock of a^iprcpriate size 
for the two core prints. The core prints axe 
made of two pieces of stock, mounted in the lathe 
for spindle turning, turned to size and sanded. 
Prepare the flanges O and P and seci :e to the 
paited halves of the core prints a?; shown in 
parts C and D of figure 14-11. 

Match the attached flanges and i prints 
to the layout board and set one half of t^- » turned 
doughnut in place (part D of fig, 14- Glue 
and secure all drag parts in position. After 
the glue has dried, build up the copt^ hilf of the 
pattern on the drag half as shown in part E of 
figure 14-11. Reinfoi^ce the construction joints 
with a dovetail and apply a coat of pattern 
covering. 

The core box stock for the 180'' curve of 
the return tend is made by matching, mounting, 
and turning the pattern stock as shown in part 
K of figure 14-11. A feature of good pattern 
practice is to have the grain in the wood on 
the pattern follow the same direction as in the 
core box. This in effect will help to prevent any 
misalignment between the pattern and the core 
box by the st^ esses and strains of the wood due 
to the swelling and shrinking of the wood cells. 

The straight portions of the core box are 
made of one piece of stock, laid out as shown 
in part G of figure 14-11. The stock is roughed 
out with a series of kerf cuts and with the aid 
of a core ix>x plane or gouges, trued to size* 
The two pieces of core box stock are glued 
together and secured to a bottom piece for added 
strength. When the straight portion of the core 
box has been cut to length and sanded with the 
appropriate draft, end pieces are secured to the 
ends. Finally, sa:id and apply pattern coating 
in accordance with the appropriate color code. 

REDUCING ELBOW 
PATTERN 

Laying oat ,a reducing elbow pattern is 
practical experience in the use of the concentric 
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circle method of drawing \n ellipse. Figure 
14-12 -shons a reaucing elbow, size 2 1/2 inches 
reduced to 1 1/4 inches. It is m"X>ssary to 
show only one qtaadrant on the layout because 
that is all you need to build the pa'tern. The 
outer curve of t*^c elb<yv is referred lo as 
the HEEL: the inner curve is referred to as the 
THROAT. The throat and leel portions of the 
elbow represent quarter (90") segmtnts of an 
ellipse and are developed from the major and 
minor axes shown in part .\ of figure 14-12. 
Note that 1/8-inch machine finish is added to 
one fa:?e of each fla.ige to allow for the f2 finish 
required. Tie other side of the flange will 
require 1/32-inch machine finish allowance for 
the f9 spot face. Coro prints are made long 
enough to provide a firm seat for the curved 
core. 

The method of constructing the reducing 
elbow pattern varies only slightly from the 
method of constructing the 90' elbow pattern. 
However, to Illustrate the comparison of a 
straight taper used on a straight reducing con- 
nection and the tapered curve of a reducing 
bend, it is necessary to use the station line 
and station point method of layout and hand 
carving. (See part B of fig. 14-12.) 

In the construction of the reaucing bend, 
the parting line parts the pattern lengthwise 
Into cope and drig halves. Each half is made 
up of three parts, glued together and rein- 
forced with screws and a dovetail-shaped key. 
Th? ooro prints and recesses for inserting the 
flanges are turned on the Ikthe, separated Into 
halves, cut, sanded, and matched to the layout. 

Select stock of the thickness of the large end 
of the tapered curved segment. The grain in 



the wood should rim as close as possib'.e to a 
circle. Lay out the throat and heel outlines 
for the curved segment of the elbow. Cut close 
to the line of the throat, a.id h.>el outline and 
sand square (90^ to the parting siu^face) on a 
spiiidle Sander and a disk sander. Transfer 
the station lines from the layout to the curved 
pattern stock. Part C of figure 14-12 illustrates 
the nation lines and their varying diameters. 
At each staMon line, establish thickness points 
at that section of the bend. Fair the top surface 
between the station Unes to a flat curved taper. 
This will establish the correct taper for the 
curved segment. 

As previously mentioned under hand carvirtg 
of the elbow pattern, knock off the corners 
(triangular strip shown as Y in part C of fig. 
14-12) to establish additional reference points 
on each station line. With the aid of a series 
of templates (station templates 1, 2, 3, 4, and 
5 as shown in part C of fig. 14-12), hand-carve 
the bend. Fit to the flanges that are matched 
to the layout. (Pdi't D of fig. 14-12). Fair any 
Irregularities between the bend and the flanges . 
The cope half Is built up on the drag half as 
proviously described fo* the elbow pattern. The 
pattern is sanded and finished in the usual 
manner. (See part E of fig. 14-12.) 

The core box is constructed In the same 
manmn- as the pattern, that is, hand carving 
the 90° segment for the bend, and then final 
assembly. The 90* carved portion of the core 
box may be roughed out by drilling a series 
of holes with a Forstner bit along the curved 
centerllne and finished by hand carving using 
station templates at the various station lines. 



Figures 10-11 and 10-12 are full page 
illustrations. The discussion on Branch Pipe 
Patterns and Core Boxes begins on page 388, 
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,\ arSPOT FACE 
ALLOWANCE (♦9) 



MAJOR ARC' 
MINOR < 




WORKING DRAWING 



1/8'MACHINE FINISH (^2) 



COMPARISION OF A STRAIGHT 
TAPER TO A CURVED TAPER 



STATION LINES ^ 



Figure 14-12.-90** reducing bend pattern. 
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Figure 14-12.-90° reducing bend pattern— Ck)ntlnued. 
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BRANCH PIPE PATTERNS 
.WO COKE Boxes 

The patterns for branch pipe fittings have 
many features in common with the previously 
described pipe fittings. However, the main dif- 
ference in the mtiiier of construotlon lies in 
the forming of the j Mnt between the main body 
of the pattern and the branch piece. 

Figure 14-13 Illustrates the variations of 
design of branoh pipe fittings. Thiise fittings 
may be in the form of a Tee-flttlng or a double- 
Tee (cross) fitting. Others rnay be of the lateral 
design suo'i as the 30° Y and 45" Y oranch 
fitting or the double-Y branch fitting. 

When the main body and a single branch 
are at right angles to each other (part A of 
fig. 14-13), tho fitting is called a TEE. Whan 
two branchi»s are opposite each other and at 
right ang'.es ;o the main body (part B of fig. 
14-13) the fitting is called a DOUBLE-TEE or 
CROSS fitting. When the main body and a single 
branch are at an angle o^her than 90° (see parts 
C and D of fig. 14-13), the fitting Is called a 
••Y"-fittlng or a SINGLE LATERAL comectlon. 
When the main boay has two branches opposite 
to each other and at an angle other than 90° 
(part E of figure 14-13), the fitting is called a 
DOUBLE-Y LATE HAL connection. 



TSE-COJfNECTION PATTEKNS 
AND CORE B02CES 

Select pattern malerial of appropriate size 
fop the main body and the branch piece. The 
stock Is fastened together face-to-faoe with 
countersunk screws, centered in the lathe for 
spindle turning, and turned to shape as in- 
dicated by the layout. The flanges are secured 
to the patter.! by the inserted flange method. 
The main bodj' (X m part 3 of fig. 14-14) 
will have a cor« print on each end. The branch 
piece (Y in p5 B of fig. 14-14) will have a 
core print only o . he flanged end. 

Remove the si>ck from the lathe and scribe 
centerllnes on tlie turned pattern stock for 
transferring the 90' mltered joint from the 
layout to the mail body and the branch piece. 
From the layout (part A fig. 14-14), determine 
the length of the centerllne for the brsuich 
piece. Transfer this length to the branch piece 
lorijltudinal centerllne. Lay out the 90° mltered 
joint on the parting surface of the branch piece. 
Cut close to the line and sand square to the 
parting surface (Y in part C of fig. 14-14). A 
90° corresponding notch is cut into the main 
body of the pattern (X in part C of fig. 14-14). 
Match and toenail the main body of the pattern 
to the layout board. Glue and brad the branch 



PART A TEE'CONNECTlON 



PARTS CROSS CONNECTION 





PART C 30 ♦ Y LATERAL 
CONNECTION 



PARTD 4S*'- Y LATERAL 
CONNECTION 




PARTE 30** DOUBLE- 
CONNiCTlON 



Figure 14-13. - Branch pipe connections. 
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piece in ix)Sition* Alter tbe glue has dried, 
remove from the layout board and construct 
the cope half of the pattern directly upon the 
drag half. Reinforce the 90*" mite red joint with 
a dovetail, sand and finish the pattern in the 
usual manner. 

The core box for the tee-connection is con- 
structed in the half-box manner except the 
side opening for the branch piece has a mitered 
Joint the same as the pattern. After joining the 
main body core cavity and branch piece cavity, 
fair the fillet along the mitered joint on the 
inside of the box. Secure the assembled box to 
a bottom piece for extra strength, cut the core 
prints to length, sand the appropriate draft 
and attach end pieces. Sand and finish the core 
box in the usual manner. 

CROSS CONNECTION PATTERNS 
AND CORE BOXES 

As previously mentioned, a cross connec- 
tion pipe fitting is one in which the two branches 
are opposite each other and at right angles to 
the main body (part B of fig. 14'-13 and part 
A of fig. 14-15). The main body of the pattern 
and the two branch pieces are turned on the 
lathe as described for the Tee-connection. The 
centerllnes are transferred to the main body and 
the centerlines and length transferred to the 
two branches as though the joint were to be a 
mitered joint. However, the mitered joint con- 
struction method weakens the main body of the 
pattern considerably by cuttl;.; halfway through 
to form the notch for the mitered joint. In 
addition, if at a later date, it is desired to 
change the location or diameter of the branch 
piece, it would be necessary to make a new 
pattern for the main body. Therefore, the sur- 
face development (wraparound) method is used, 
(Refer to chapter 8, '^Surface Development.**) 
Part B of figure 14-15 illustrates the comparison 
of the mitered joint to the wraparoimd or surface 
developed joint. The wrap-around method is 
presented to illustrate the use of templates for 
the forming of the joint between curved members 
of the pattern. 

The layout of the developed c»irve on the 
branch piece (layout paper) is aligned to and 
wrapped around the brauoh piece and scribed 
with a layout knife. Cut the scribed curve to 
the line and hand fit to the main body. Match 
and toenail the main body of the pattern to the 
layout board, attach the ^wo branches by gluing*' 
and bradding in the proper position (part C 
of fig. 14-15). As an aid in securing the branches 



to the main body, apply glue and clamp the 
pattern to the layout board. To fui'ther strength- 
en the developed joint, a dovetail piece is in- 
serted flush with the parting surface of the 
pattern. Construct the cope half of the pattern 
directly upon the assembled drag half. Sand 
and finish the pattern in the usual manner. 

The half core box consists almost entirely , 
of straight work. The main body and the ^^o 
branch pieces of pattern stock may be roughed 
out by removing the larger pyt of the waste 
stock for the semicircular cavity with circular 
saw kerfs and finishing with a core box plane 
or gouges. The two side openings for the 
branch can be formed by placing the branch 
boxes against the side surface of the main 
body box. Transfer the lines across the main 
body box and remove the waste stock with 
gouges. Fair in the fillet between the main body 
core and the side opening. The ends of the box 
are provided with draft as usual, and the 
completed box may be strengthened by fastening 
to a bottom board. 

LATERAL CONNECTION PATTERNS 
AND CORE BOXES 

Lateral connections ai*e the fittings which 
have the main ?)ody and the branch or branches 
set at an angle other than 90"", These fittings 
may be in the form of a ZO^-Y fitting, a 45^-Y 
fitting or a double- Y fitting. (See parts C, D, 
and E of fig. 14-13.) As previously discussed, 
it was shown that the mitered joint weakens 
the pattern by the cuttin^; of a notch in the main 
body. To overcome this weakening of the pattern, 
the surface developed method may be used. 
However, there may be an instance where time 
is essential, and the surface developed method 
may be time consuming. Therefore, a quicker 
way of fitting these members is necessary. The 
quicker methoii is called the TEMPLATE BOARD 
method. The template board is merely a spe- 
cially constructed jig or ievice used to expedite 
the cutting of the correct shape for mating 
component pattern parts. 

Figure 14-16 illustrates a 45*'-Y fitting that 
will be used for this discussion. However, any 
one of the branch fittings may be easily con- 
structed by this method. Part A of figtire 14-16 
illustrates the jig arrangement; and parts B and 
C illustrate the cutting of the matching curve. 
'The jig arrangement for the template board 
(part A of fig. 14-16) is constructed and used 
as described in the following paragraphs* 
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MITERED JOINT METHOD AND 
WRAP-AROUND METHOD 



LAYOUT OF A CROSS-TFE CONNECTION 




BRANCH PIECE MAIN BODY 




BRANCH PIECE 



c 

BRANCH ADDED TO MAIN BODY 
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Figure 14-16.— Cross-Tee connection pattern. 
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CONSTRUCTION OF A 
TEMPLATE BOARD 



TEMPLATE 
BOARD 
(R) 



VERTICAL 
SUPPORT 

(0) 



BASE 

(P) 



BANDSAW BLADE 




MAIN BODY OF 
THE PATTERN 



MAIN BODY 




MAIN BODY 



BRANCH PIECE 



VERTICAL SUPPORT 
(0) 



BASE 

(F) 




B C 

CUTTING BRANCH f lECE CUTTING OPPOSITE BRANCH PIECE 

Figure 14-16.— Wraparound method of Joining component parts. 
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A vertical piece (O) is fastened to a heavy 
base (P)* (The base and the vertical piece 
MUST be at a 90"^ angle to each other.) A 
template Ixjard (H) is secured to the vertical 
side piece (O) in a position parallel to the 
base Between the template board (H) and 
the base (P) sufficient distance should l>e 
allowed to secure the branch pattern at the 
correct angle for the matching curved cut* If 
required^ additional side supports may l>e added. 

To use the template b^ard arrangement, 
the branch pattern is located on the vertical 
piece (O) at the same aigle that the branches 
to make with the main lx)dy. The templa- f ix)rird 
is scriljed with a quarter circle having the 
radius equal to the radius of the main body. 
(Sec part A of fig. 14-16.) The scribtM circle 
represents the true position of the main body 
of the pattern. The jig is then rotated so that 
the bandsaw blade will follow the quarter circle 
scribed on the template board- The saw blade 
will cut a section out of the branch pattern, 
leaving the correct shape to fit the main \>ody\ 
The opposite half of the branch pattern is cut in 
the same manner, but in the reverse position 



using the same two template boards as shown 
in part B and C of fig* 14-16. 

GLOSSARY OF TERMS 

The following definitioas are of terms used 
in chapter 15» 

HEADING — Permanent or temporary heads over 
which lags or stav^^s are laid. 

HUB — A projection which is rounder otherwise 
a ad is usually the center of some rotary move- 
ment • 

SPIDER — An open web whose members radiate 
from the center like the spokes of a wheeh 

STITCHING— A method of securing butt joints 
by alternate tongues and grooves; each is the 
thickness of a saw cut. 

WEB — A plate or thin mem!>er lying between 
heavier memJx?rs. 
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Any puttei-n of a circular nature built up 
on layers or rows (courses) of pattern material 
is known as a segmentally constructed pattern. 
Segmental construction consists of using seg- 
ments and/or sectors glued one upon another, 
to build up stock to the desired height, for 
any curved shape such as rings, ribs, or any 
other pattern memter requiring strength or 
rigid construction. 

There is no fixed rule as to the number of 
courses to be used for a given job. The numuer 
will largely depend upon the durability require- 
ments of the pattern, the thickness of the 
available lumter, and how it corresponds to the 
total thickness of the job. Since wood shrinkage 
generally occurs across the grain, resulting in 
an elliptical form instead of a circular form, 
circular patterns are generally built up in 
segment form. 

By using at least three courses of segments 
in m iltiple-course construction, the opposing 
stresses and strains, generated by the shrinking 
and swelling of the wood cells, are effectively 
equalized, thus minimizing distortion. There"* 
fore, single-course segmental construction 
should not be used. However, single-course 
segmental construction is sometimes used in 
making patterns for thin sections such aswheels, 
sheaves, ribs, or pipe flanges if they are 
properly splined or stitched (reinforced). 

The advantages of segmental construction are 
that it: 

1. Provides greater pattern strength. 

2. Reduces end grain. 

3. Provides greater dimensional stability. 

4. Produces greater staying qualities. 

5. Saves material. 

To understand the terms segment and sector, 
see parts A, B, and C of figure 15-1 and compare 



the following definitions: A GEOMETRIC SEG- 
MENT is a portion of a circle bounded an 
arc of that circle and a chord. In patternmaking, 
a SEGMENT is that part of a circular shape 
bounded by two arcs or concentric circles and 
common radial lines. A SECTOR is a figure 
bounded by two radii and the included arc of 
a circle, ellipse, or other central curve* 

This chapter deals primarily with segmental 
and staved construction. However, additional 
information regarding a standard billet system, 
wheel patterns, bell-shaped patterns, a simple 
impeller pattern, and the fitting of bosses to 
curved or oblique surfaces is included because 
of its close relationship to turned segmental 
construction* 



SEGMENTAL DIVISIONS 

A circle may be divided into any number 
of equal segments. However, the most con- 
venient procedure is to use six segments per 
course, for the simple reason that the longest 
chord of each of the six segments is exactly 
equal to the radius of its circle. The central 
angle of each of the six segments Is exactly 
60^. This is found by dividing the total number 
of degrees In a circle (360^ by the number of 
segments to be used* Using these facts simplifies 
the procedure of laying out and cutting se^ents 
to approximate size. Similarly, the amount of 
subsequent turning in the lathe is reduced. 

The number of segments to be employed in 
any course is controlled by the diameter of 
the course, while the thickness is controlled 
by the available material* Small work that is 
turned only on the outside may have four 
segments to a course* If the piece is to be r 
turned on the inside, six segments to a course 
is the least number that should be used, to 
eliminate end grain at the Joints* 
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GEOMETRIC SEGMENT 



B 

patternmaker's 

SEGMENT 
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Figure 15-1, — Comparison of a segment and a sector. 



In determining the number of segments or 
sectors per course, a general rule to follow is: 



Table 15-1, — Chords of Segments or Sectors 



1. For diameters up to 8 Inches, use four Number of 
or six segments, segments Factor 

2. For diameters from 9 inches to 14 inches, g 0.8660 

use six to eight segments, ^ . 7071 

3. For diameters from 14 inches to 24 inches, g .5877 

use 8 to 12 segments, g 5000 

4. For diameters over 24 inches use 12 or ^I'^mmi.. *4338 
more segments. 8---"--"""""- 3826 

Segments may be laid out by a trial and J; -3420 

error procedure, that is, by stepping off the J" 

dividers as many times as necessary until J J fJJ' 

i\j circumference of the circle is divided into JZ -J Jo J 

an equal number of parts. The most accurate 13 .2^93 

way of calculating the number of segment 
divisions of a cifcle is by using trigonometry, 
that branch of mathematics which deals with 
the relationships between the sides and angles 

of triangles. Although there may be other Table 15-1 is based on circles having a 
procedures, the two mathematical methods that diameter equal to 1 inch. For circles of other 
are most commonly used are the sine method diameters multiply the factor by the diameter 
and the tangent method, of the circle. For example, if eight segments 

are used to make a circular course 11 inches 
in diameter, the chord length of each segment 
is found by multiplying the factor 0,3826 by 
11, Thus the chord length is 4,21 inches. 



Number of 
se gments Factor 

14 0.2225 

15— .2079 

16- .1950 

17 1837 

18— .1736 

19 .1646 

20 .1564 

21 .1490 

22 .1423 

.1361 

,1305 



68,186 



THE SINE METHOD 



Table 18-1 is given as a ready reference 
for determining the chords of segments. To 
obtain the length of a chord, multiply the 
diameter of the circle by the factor listed 
opposite the number of segments required. 



THE TANGENT METHOD 

Some patternmakers prefer the tangent 
method of dividing circles, which involves the 
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use of tables ot natural trigonometric functions. 
To illustrate this method, we shall present the 
procedure for dividing a circle with a diameter 
of 6 inches into nine equal segments. (See fig. 
15-2.) 

The steps in the procedure are as follows: 

1. Scril>e horizontal and vertical centerlines 
intersecting at point X. 

2. Scribe a circle from center X using 
dividers set to a radius of 3 inches, 

3. Erect tangent AB perpendicular to line 
AX. 

4. Uecause nine segments are required, 
divide 360^ by 9. In this way the central angle 
AXU is found to be 40^ 

It may seem that the whole problem is 
solved just because you have found that the 
central angle is 40\ You are probably wondering 
why you cannot adjust and set a bevel gage 
or protractor to 40^ and transfer the measure- 
ment directly to the layout. This is NOT 
recommended because it is almost impossible 
to adjust a bevel gage or protractor (using the 
naked eye) to any given angle with sufficient 
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Figure 15-2. — The tangent method of laying out 
the central angle and segment divisions 
(chords) of a circle. 



accuracy for precision patternmaking. For max- 
imum accuracy of work, it is recommended 
Uiat the angle lie calculated and laid out using 
trigonometry. 

5. Calculate the length of AB using the 
following formula: The tangent of angle AXB 
is equal to the length of the opposite side, 
AB, divided by the length of the adjacent side 
AX. Substituting terms and solving the equation, 
we find tliat AB is equal to the tangent of 40** 
multiplied by the radius of the circle. You will 
find by consulting a table of natural trigonometric 
functions, that the tangent of 40*" is 0.83910. 
Multiplying 0.83910 by 3 inches, the radius, 
will give the length of AB as 2.51730. The 
computations may be summarized as follows: 

Tangent of Angle AXB = AB 

AX 

Tangent of 40'=' = AB 

3 inches 

AB = (tan 40^ (3) 

AB = (0,83910) (3) 

AB = 2.51780 

6. Interconnect points B and X to obtain 
the central angle AXB. 

7. Line AC Is the chord of the segment. 
Adjust the dividers to this length and step 
off the nine equal segments on the circumference 
of the circle* 

JOINING SEGMENTS 
IN A COURSE 

There are three methods of joining segments* 
as shown In figure 15-3» In multiple-course 
segment construction the standard practice Is 
to use staggered joints as shown In part A of 
figure 15-3. Note that the segmerit joints of one 
course are placed halfWay between the joints 
of the course immediately above and below. 
The spllned joint is used In single-course 
segment patterns. Note that the spline Is cut 
with the grain running In the same direction as 
the grain of the segments* This ensures maximum 
strength. Shaping the segment as shown In part 
B of figure 15-3 facilitates the gluing procedure 
without defacing the surface of the pattern. 
Drive the pinch dogs Into the 'vaste stock in 
order to draw the joint surfaces t>gether during 
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Figure 15-3. — Methods of joining segments. 



the gluing operation. Saw off the projections 
after the glue has dried. 

The stitched joint (part C of fig. 15-3) is 
used in constructing dome-shaped patterns or 
shapes that curve rapidly away from the 
perpendicular; if this type of pattern were made 
of plain segments^ shown In part A of figure 
15-3 the exposed glued course joint would be 
long and thin (feathered). The feathered edge 
would tend to curl or peel away from the pattern 
due to the moisture penetrating back into the 
wood cells. 

Slash-cut boards make better segments 
because the grain follows the outline of the 
segments. This permits the turning of a smoother 
job In the lathe. 

Segment patterns which are to be turned 
on the lathe are built directly on a false faceplate 
that has been trued for the purpose. For 
safety, secure the glued segment pattern to the 
false faceplate with wood screws before turning 
the work on the lathe. 



A TYPICAL SEGMENT 
PATTERN 

For instruction purposes, a detailed de- 
scription is presented for the construction of the 
segment pattern used in casting thfe bushing 
shown in figure 15-4. 

1. Prepare the layout using measurements 
taken directly from the worn bushing, or from 
the blueprint If it is available. (See fig. 15-5.) 
Use the appropriate shrink rule for the metal 
to be cast. Since this bushing will be finished 
all over (FAO), an extra l/8 Inch must be 
allowed for finishing. The completed pattern 
will therefore be 5 inches hl^, with an inside 
diameter (ID) of 5 3/4 inches and an outside 
diameter (OD) of 10 1/4 inches, 

2. Calculate the number of courses required 
for the job. The height of the pattern will be 
5 inches. If using 1 l/8-lnch stock dressed 
down to 1 inch, you will need five courses of 
segments. 

3. Use six segments for each course, Lay 
out and construct the template for the individual 
segments (fig. 15-6). Note that the diameter 
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Figure 15-4.— A casting of a cylindrical bushli^. 
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Figure 15- 5. — Layout of the cylindrical patteriu 




68.164 

Figure 15-6. — Construction features of the tem- 
plate. 



of each course is the same, therefore all the 
segments will be exactly alike. Add l/8-inch 
machine finish allowance and additional waste 
stock to the layout of the template. Since each 
mating edge of the segment is cut at a 30*" angle, 
the total angle of the segment is 60* at the center 
of the circle. Cut out the template on the bandsaw. 

4. Stack the dressed stock and mark the 
outlines of the template on the top lx>ard as 
shown in figure 15-7. Thifs saves time l)y per- 
mitting you to cut out all the segments in one 
operation. 

5. Glue the first course of segments on 
the layout board, or directly on the faceplate. 
Glue the succeeding courses, mriklng sure to 
stagger the joint seams of the segments. After 
the glue has dried remove the v^ork from the 
layout board and true up the bottom course 
of segments by taking a few lig^it cuts with a 
plane. 

6. Attach the glued segment pattern to a 
faceplate for lathe turning. Be sure to center 
tihie work properly. In the process of building 
up five courses of segments, the glued joints 
between courses will Increase the hei^t of the 
pattern sli^tly. RechecU the hei^t using a depth 
gage. Take a li^t cut across the face of the 
work to bring the hel^it of the pattern back 
to the correct dimension and to true up the top 
surface of the pattern. 

7. Turn the Inside diameter of the pattern, 
including dralU Adjust the tool bit and the 
carriage of the lathe to cut the proper draft* 

8. Turn the outside diameter of the pattern 
including draft. 

9. While the work Is In the lathe, sand it 
smooth and apply the first coat of shellac. 
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Figure 15-7.— Multiple sawing of segments. 
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10. Finish the patern while it is still in 
the lathe* RemDve the work from the lathe. Plug 
the holes left by the faceplate screws^ Sand 
the bottom face smooth; shellac^ and add rapping 
plates if necessary. Recheck the completed 
pattern against the layout and add identification 
tape. 

In some cylindrical or conical-shape Jobs» 
it may be necessary to build up a riser head 
as an integral part of the pattern. This technique 
saves molding time and helps to promote direc- 
tional solidification of the molten metal. Figure 
15-8 shows a riser head constructed as part 
of the cylindrical pattern. Note that the method 
of off-setting courses for conical sections is 
used. This is essentially the same method of 
construction used in bell-shaped patterns, 

BILLET PATTERNS 

Commercial billets of a standard size are 
cast by the centrifugal casting process. How- 
ever due to the limited space and equipment 
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Figure 15-8. — Segment pattern including riser 
headg dragside up. 



aboard a repair ship or tender, billets cannot 
be centrifugally cast, they are sandcast. Usually, 
billets are cast vertically i)ut they may be cast 
horizontally. Billets ai^ used in the machine 
shop for the manufacture of bearings, cylinder 
liners, pistons, piston rings, and special cylinder 
barrels. The patterns needed for casting billets 
may be one-piece (solid or parted), stave- 
constructed, or segmentally constructed (ring 
patterns). 

Cast billets of various sizes are needed 
in the machine shop from time to time. Usually 
the supervisor of the foundry (MLl or MLC) 
will check with the supervisor of the machine 
shop (MRC) to see what sizes are needed so 
that the foundry can keep ahead of the machine 
shop's Immediate needs in supplying cast billets. 
Since the various sizes needed are numerous, 
instead of constructing billet patterns of a 
particular size and length only when needed, 
a series or a set of patterns are constructed 
in standard lengths and diameters. Therefore, 
a complete set of billet patterns (Standard Billet 
System) are on hand at all times, saving time 
in the pattern shop and foundry ^ich in turn 
will save time in the machine shop to complete 
a job order. 

A set of billet patters may consist of the 
following (this list is intended merely as a 
guide): 

1. One series constructed for vertical mold- 
ing with interchangeable core prints. 

2. One series constructed for horizontal 
molding. 

3. One series of rii^ type patterns con- 
structed for vertical molding. 

Billet patterns are constructed in a set 
or series ranging from 2-inch to l8-inch 
outside diameter with standard lengths of 6, 
9, 12, Id or 18 inches. The patterns are made 
in 1/2-lnch diameter increments, while the 
core boxes are made in l/4-inch increments* 
Interchangeable cope and drag prints are used 
in conjunction with the set of pattems# making 
it possible to cast billets of the same outside 
diameter but of different inside diameters. 

In the manufacture of a set of billet patterns 
to be molded VERTICALLY, it is suggested 
that the following methods of construction be 
used: 

1. Up to 5 inches in diameter, use solid 
construction. 
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2. From 5 Inches to 8 or 10 inches In 
diameter, use staved or lagged construction, 

3. Above 10 Inches in diameter, use the 
ring type billet pattern. 

It is suggested that l/l6*inch to l/8«^inch 
draft per foot be used for vertically cast 
billets. (See chapter 11 for vertical core print 
proportions.) 

In the manufacture of a set of billet patterns 
to be molded HORIZONTALLY, it is suggested 
that the following methods of construction be 
used: 

1. rp to 5 inches In diameter, use solid 
construction. 

2. Above 5 inches in diameter* use staved 
or lagged construction. 

(See chapter 11 for core print proportions 
to be used for horizontal cores.) 



WHEEL PATTERNS 

The making of patterns for wheels of various 
designs is a common Job aboard repair ships. 
Wheels that are made with a solid center or 
plate are called webbed wheels. Listening holes 
are sometimes cut through the web to decrease 
the weight of the wheel. Other types of designs 
are flanged, and armed or spoked wheels. An 
assembled set of spokes is referred to as a 
spider. A wheel with a double set of spokes 
or two spiders is called a drum. Figure 15-9 
shows the method of constructing a webbed wheel 
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Figure 15**9. — Construction features of a webbed 
wheel pattern. 



pattern. Note that a recess is turned in the 
central courses at A to provide a seat for 
the circular web. This is sound construction 
technique because it prevents the end grain 
of the web from extending completely throu^ 
the rim of the wheel. It also eliminates a 
featheredge at the fillet at point B. The cc^e 
hub is constructed as a loose piece and is 
made to fit the recess in the web at C» in order 
to eliminate a featheredge and to simplify 
molding procedures. 

Figure IS^lO shows the method of con* 
structing a single-course^ spoked wheel pattern. 
Several principles of sound pattern construction 
are illustrated in this figure. The single course 
of segments which make up the rim of the 
wheel is splined for greater strength. The spokes 
are recessed into the rim of the wheel to 
eliminate end grain and to prevent a featheredge. 
The spokes of the spider are attached to the 
rim at points midway between the splined 
segment Joints. This also makes the pattern 
stronger. 

Other features of sound pattern construction 
may be seen in figure 15-11 >**iich shows three 
methods of joining spokes in building up a 
spider. 

When constructing a wheel pattern^ consider 
the design of the spoke to minimize stresses 
and to avoid casting strains* (See fig. 15-12.) 
Note that the odd number of curved spokes are 
used to reduce internal stresses in the wheel 
design^ which result from uneven shrinkage at 
hot spots. 




68.168 

Figure 15-10.— Method of constructing a 8ingle«> 
course^ spoked wheel pattern* 
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Figure 1 5-1 — Methods of Joining spokes* 





Figure 1 6-12* — Spoke design. 



When the straight spoke design is used» 
{fig* 15-12) the stresses developed are absorbed 
by the hub while the metal is still in the plastic 
state. The secondary phase of shrinkage that 
takes place in the straight spoke » shortens the 
spoke and teai*s it away froin the* hub. But 
curved spokes under stress tend to straighten 
out rather than to be torn away froni the hub. 
Note also in figure 15-12, that the sections are 
blended I nto one another so that all c ross 
sections will cool as evenly as possible. Although 
an odd nunriber of spokes is preferred for 
design reasons^ you will no doubt get jobs that 
will require deviating from this rule. 



BELL-SHAPED PATTERNS 

The construction of a bell- shaped pattern 
is somewhat similar to that of the bushing or 
cylindrical pattern. The bell pattern, however, 
is complicated ^ the fact that each course 
of segments differs in diameter. Each course 
of segments must be laid out individually. The 
stacking of the stock and multiple sawing of all 
the segments for all the courses cannot be 
accomplished in one operation. 

The preferred method of closing off the 
top of the bell is tr^r using a course consisting 
of four segments cut at 90** angles. See view 
B in figure 15-13. Note the direction of the 
grain of the individual segments. 

The segment counse that forms the top of 
the bell is mounted on a false faceplate and 
faced off. Two or three courses of segments 
are glued in place and faced off. Then the 
distance of the course joint from the false 
faceplate is checked. The inside of the glued- 
up segments is turned to the required shape, 
M^ich is determined by using a template. 
Additional courses are added until another 
suitable depth is reached and then turned as 
previously described. This operation is repeated 
in two or three course lengths until the entire 
length of the bell is reached and turned on the 
inside. Before the stock is removed from the 
lathe, a short distance on the outside is turned 
to size. This short, turned length will serve 
as an aid in rechucking. The inside of the turned 
pattern is sanded and a thin coat of pattern 
covering is applied. 

The pattern is removed from the false 
faceplate and another false faceplate (chuck) 
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Figure 15-13. — The layout of a bell-shaped pattern showing its construction features. 68.170 
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is turned to i^eceive the short, turned length 
of the outside of the pattern. The pattern is 
fastened to the turned chuck with screws and 
the outside shape is turned to the required 
contour. As an extra safety factor when the 
outside contour of the bell Is )^ing turned the 
dead center of the tuilstock is run into the 
top of the bell to serve as extra support. 



SIMPLE IMPELLER PATTERNS 

Knowing how a component or unit works is 
just as im:x>rtant as having practical experience 
in constructing various parts. It is not the 
intention (or within the scope) of this training 
courf ; to ex{)lain all of the various pieces of 
equipment which you may »>e required to manu- 
facture. However* this training manual pi^eseats 
tyt)lcal samples of the various parts that you 
as a PM3 or PM2 may »)e required to manu- 
facture^ such as a pattern of a single suction 
impeller for a volute pump» To further your 
understanding of impellers and centrifugal 
pumps, a brief discussion is given to explain 
what happens inside a centrifugal pump, the 
type most commonly -tsed in the Navy. 

In the centrifugal (volute) pun.p, ihe liquid 
enters the pump at the center through the EVE, 
and Is given a rotary motion in the pump 
chamber by the rotation of a num^Jer of blades 
(the IMPELLER). The rotation of the Impeller 
in a true centrifugal pump Uoes two things to 
the liquid; centrifugal force drives the liquid 
outward from the center, setting up a greater 
pressure at the outer edge of the chamber then 
at the eye; at the same time the liquid is pushed 
around and around in the chamber by the turning 
of the blades, and is given more and more 
velocity as it moves farther out from the eye. 
The liquid finally escapes into the discharge 
pipe. By gradually widening the discharge pipe 
and thereby reducing the velocity of the liquid, 
most of the velocity produced by the centrifugal 
pump is transformed into pressure. In this 
form it is more available for doing work* 

The impeller blades of most centrifugal 
pumps are curved, the nature of the curve and 
the dimensions of the pump chamber and the 
discharge pipe being determined by the kind 
of flow desired. Note that the direction of 
rotation of the Impeller shown in figure 15-14 
is clockwise, so that the liquid is pushed around 
the chamber by the blades, rather than being 
carried in them. 




23.18.0 

Figure 15-14.— A single suction centrifugal pump. 



LAYOUT OF A SINGLE 
SUCTION IMPELLER 

According to the blueprint (fig. 15-15), the 
impeller is to be cast from Navy Specification 
46-M-6 C'G'' metal), machine-finished on the 
outside and finally, balanced. Because the blue- 
print Indicates that the impeller is to be cast 
from ••C/' metal (bronze), you will use a 3/16- 
inch shrink rule when making the layout. The 
layout is made exactly as specified on the blue- 
print and all draft allowances are made at the 
time of construction. 

The general procedure is to lay out all 
the solid outline lines; then add the Interior 
lines. The next step is to add the machine 
finish, thei add the required core prints. Add 
construction joints, location of dowels, or other 
construction features as necessary. It may be 
noted, that for this particular Job, only two 
full-scale orthographic views (one top view and 
one side view) are necessary. The front view 
is unnecessary because it does not add any 
significant features to the other views. 

For instructional purposes, the layout proce- 
dures will be described step toy step. It is 
suggested that you follow the Instructions (steps 
numbered 1 through 20 in the next section) 
and prepare your own layout. Refer to figures 
lS-16 and 15-17 which identify the various steps 
by numbers. This system of number identifica- 
tion will enable you to follow the directions 
given, hemember that the Patternmaker actually 
works from the blueprint Figures 1&-16 and 
15-17 show the steps in sequence but in separate 
figures for instructional purposes only. Re- 
member that all dimensions taken from the 
horizontal centerline are to be laid out on both 
sides of the horizontal centerline because the 
horizontal halves are identical. But all di- 
mensions taken from the vertical centerline on 
the left side are different than the dimensions 
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Figure 15-16. — Layout of outside shape of 
Impeller. 



23.28(68) 

Fig-are 1 5-1 7. — Layout of wall thickness. 



on the right side because the shape of the left 
side Is stral^t while the shape of the right side 
Is curved. 

Select a layout board of appropriate size 
and lay out the horizontal centerllne and the 
two vertical centerllnes, allowing adequate space 
for the required views. These centeiiines will 
be used as the basic reference lines for sub- 
sequent measurements. 

1. Establish the full diameter of the impeller 
by using the intersection of the horizontal and 
vertical centerllnes (fig. 16-16) as the center 
point to scribe a line 3 3/8 inches from the 
horizontal centeriine and parallel to it. 

2. Lay out the full width of the impeller 
by measuring and scribing a line 1 3/f> inches 
from the vertical centerllne and parallel to it. 

3. Establish the diameter of the outside hub 
by measuring and scribing a line 1 13/16 inches 
from the horizontal centeriine and parallel to it, 

4. Establish the length of the outside hub 
by measuring and scribing a line 7/16 inch 
long, to the left of the right full width (step 2) 
and along the scribed line made In step 3, 



5. Establish the width of the curved side 
face to the right of the vertical centeriine 
at the outside diameter of the impeller by 
measurir^ and scribing a line 3/8 inch in 
length, extending from the vertical centeriine 
and parallel to the horizontal centerllne, 

6. To establish the curved face of the 
impeller, scribe an arc of 4-inch radius from 
the width of the right side face on the outside 
diameter (step 5) and arother arc of 4 Inches 
from the length of the outside hub (step 4). 
At the point where these two arcs intersect, 
scribe an arc from the outside diameter to the 
length of the hub. 

7, Establish the width of the straight side 
face to the left of the vertical centeriine at 
the outside diameter liy measuring and scribing 
a line 13/32 inch long, and parallel to the 
vertical centeriine. 

8, Establish the diameter of the largest hub 
to the left of the vertical centerllne measuring 
and scribing a line 1 3/8 inches from the 
horizontal centerllne and parallel to it. 
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&• Establish the length of the larg<?st hub 
to the left of the vertical centerline by measur- 
ing and scribing a line 11/32 inch long and 
parallel to the straight side fuce» 

10. Establish the diameter of the smallest 
hub to the left of the vertical centerline by 
measuring and scribing a line 11/16 inch from 
the horizontal centerline and parallel to it. 

11. Establish the length of the smallest hub 
to the left of the vertical centerline by measuring 
and scribing a line 5/8 inch long, to the right 
of the left outside width of the impeller and 
parallel to the straight side face. 

12. Add a l/4-inch radius between the 
smallest and the largest hubs to the left of the 
vertical centerline. The procedure for estab- 
lishing the centers for this radius is basically 
the same procedure as given in step 6. 

13. Add a 5/1 6-inch radius between the largest 
hub on the left side of the vertical centerline 
and the straight side face of the impeller. The 
procedure for establishing the center for the 
radius is basically the same as the procedures 
in steps 6 and 12. Darken the knife lines to 
complete the outside shape of the impeller 
as shown in figure 15-16. 

14. Establish the inside diameter of the 
outside hub (eye of the impeller) by measuring 
and scribing a line 1 5/8 inches from the 
horizontal centerline and parallel to it. (See fig. 
15-17.) 

15. To establish the inside curve, use the 
center of the intersecting arcs (step 6). Scribe 
a 4 l/8^*nch radius from the outside diameter 
to the inside diameter of the eye. 

16. Establish the 1 /8-inch wall thickness by 
measuring and «criblng a line 1/4 inch tc 
left of the vertical centerline at the outside 
diameter and parallel to the vertical centerline. 

17. Establish the inner hub diameter by 
scribing a line on the vertical centerline an 
equal distance of 11/16 inch on each side of the 
horizontal centerline. 

18. Add a ll/l 6-inch radius between the 
inner hub diameter and the vertical line es- 
tablished by step 16. 

19. Establish the shaft hole diameter by 
scribing two parallel lines» each 3/8 inch from 
the horizontal centerline. These two parallel 
lines extend from the vertical centerline to 
the left outside width of the impeller. 

20. Add a 3/8-inch radius between the inside 
wall of the side curved face and the inside 
diameter of the eye. Darken the knife lines to 
complete the wall thickness of the impeller as 
shown in figure 15-17. 



The procedure for ADDING MACHINE FINISH 
is as follows: 

U Add l/8-inch finish on the outside 
diameter. 

2. Add 1/8-inch finish on the length of the 
outer hub,(e>e). 

3. Add l/8-inch finish to the outside diam- 
eter of the outer hub (eye). 

4. Add l/l6-inch finish on the side face 
curve. 

5. Add 1/8-inch finish to the shaft hole 
diameter. 

6. Add 1/8-inch finish to each end of the 
hub for the shaft hole. 

7. Add 1/8-inch finish to the strai^t side 
face. 

8. Add 1/8-inch finish to the outside diam- 
eter of the smallest hub left of the vertical 
centerline. 

9. Add 1/8-inch finish to the length of the 
largest hub left on the vertical centerline. 

10. Add l/8-inch finish to the outside diam- 
eter of the lai^st hub left of the vertical 
centerline. 

11. Add 1/8-inch finish to the radii on the 
smallest and largest hubs left of the vertical 
centerline. 

Darken the knife lines and color the finished 
surfaces with a red pencil as shown ir figure 
15-18. 

At this point in the layout^ it is possible 
to see how the single suction impeller may be 
parted as shown in figure 15-*18. The pattern 
may be parted along the upper surface of the 
suspended core print. In addition to the parting 
of the pattern, turned male and female dowels 
must be used for cope and drag pattern alignment^ 

The procedure for ADDING CORE PRINTS 
is as follows: 

1. Add a core print to the drag half of 
the pattern layout for the eye opening of the 
impeller, 5/8 inch high, tapered from the inside 
of the eye opening to 2 3/4 inches in diameter. 

2. Add a core print to the outside diam- 
eter for support of the suspended core. Extend 
the inside curved face line parallel to the 
parting line of the pattern. One inch from the 
outside diameter finish line on the parting line, 
scribe a line parallel to the draft established 
for the eye opening core print. 

3. Add a vertical core print to the center 
hub as established by the core print dimensions 
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Figure 15-18. — Layout with finish allowance. 

set forth in chapter 11 Darken the knife lines 
to complete the core punts as shown in figures 
lS-18 and 15-19. 

The procedure for ADDING THE CONSTRUC- 
TION JOINT LINES is as follows: 

1. On the drag half of the pattern layout, 
starting at the limit of the eyo opening core 
print, segment course A is scribed even with 
the finish line on the eye opening. 



2. Segment course B is scribed even with 
the intersection of the curved side face and the 
eye opening hub. 

3. Segment course C is located even with the 
finished line of the curved side face^ 

4. Segment courses D and E are combined 
to establish the distance from the finished line 
of the curved side face to the upper face of 
the suspended core print. 

5. On the cope half of the pattern layout, 
segment course F is scribed from the finished 
line of the strai^t side of the impeller. Note 
the thickness of segment course F to include 
the male dowel. 

6. Segment course G is the distance from 
the finished line of the straight side of the 
impeller to the finish length of the largest hub. 

7. The smallest hub and the vertical core 
print are made of vertical grain material, and 
inserted into segment course G. 

Note that the segment courses for the pattern 
are in such a location as to eliminate aiiy 
featheredges on the turned pattern. 

Darken the knife lines to complete the con- 
struction Joint lines as shown in figure 15-19, 

The procedure for laying out the curved 
vanes is as follows: 

From the cross-sectional view of the single 
suction impeller blueprint (fig. 15-15), transfer 
only the necessary lines to develop the top 
view. To avoid confusion in the top view, finish 
allowance and the coreprlnts are eliminated 
from the layout as shown in figure 15-20. Using 
the dimensions as shown on the blueprint (fig. 
15-15), develop the layout for the location and 
the curve of the vanes. The completed layout 
for the construction of the pattern for a single 
suction impeller is shown in figures 15-18, 
15-19, and 15-20. 

Check the completed layout agair»si, the 
blueprint to verify all dimensions. You are now 
resi&/ to proceed with the actual construction of 
the pattern. 

CONSTRUCTION OF SINGLE SUCTION 
IMPELLER PATTERN 

After completion of the layout, you should 
have a reasonably good idea cf how to start 



407 



PATTERNMAKER 3 & 2 



COPE 



DRAG 



CORE PRINT 

VERTICAL GRAIN ON BOSS 



MALE AND FEMALE 
DOWEL 




CORE PRINT 



Figure 1 5-1 9* — Layout with construction joints for pattern* 



68*172 
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Flgm e 1&-20*— Layout of curved vanes. 



the actual construction of the pattern* However, 
after connipleting the layout, study it carefully 
and try to visually the breakdown of the pattern 
into its components for construction purposes* 
(See fig* 15-21*) The* value of careful planning 
at this stage can best be appreciated by visual-* 
ising the size and shape of the pattern, and the 
inside or cored sections, to determine the best 
possible method of construction* Careful plan- 
ning at this stage will also serve as a stepping 
stone from the blueprint to the completed pattern* 

The cope half of the pattern for a single 
suction impeller is built up of two courses of 
segments of different thicknesses and of vertical 
grain pattern stock for the boss and vertical 
core print* The drag half of the pattern is built 
up of five courses of segments of different thick'- 
nesses and of varying diameters* The main bocfy 
(drag) of the pattern will include a core print 
around its periphery to locato and hold the sus- 
pended core* The bCKfy will also include a core 
print for the eye opening* The cope and drag 
halves of the pattern are aligned lyy turned male 
and female dowels* 

A step-*1:Qr-step procedure for the manu- 
facture of a single suction impeller pattern as 
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Figure 15-21. — Built-up cope and drag. 

shown in figure 15-15 is described in the follow- 
ing paragraphs. 

From the layout determ'ne the thickness of 
each course of segments. Use six segments for 
each course. Lay out and construct templates 
for the various diameters of segments. Trace 
the outline of the segment template on the dressed 
stock and cut on the handsaw. Sand the mating 
edges and glue the courses in the proper sequence 
as previously described. 

To save time, while the glue is drying, 
construct the template for the outside curved 
face of the impeller. After the glue has dried, 
true up the top surface of the built-up stock 
for the cope half of the pattern and mount on 
a false faceplate as shown in figure 15-22. 
Turn the male dowel to the dimensions of the 
layout as shown by X in figure 15-22. The 
male dowel is generally turned first so that 
it may be used as a template when turning the 
mating female dowel in the drag half of the 
pattern. 

Turn a false faceplate to the reverse (female) 
shape of the male dowel. Rechuck the cope halt 
of the pattern to the false faceplate and turn 
to size and shape as showa in figure 16-23. 
Turn a recess equal to the limits of the fillet 
on the boss. The depth should be approximately 



FALSE FACEPLATE 
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Figure 15-22. — Turning of the male dowel. 



FALSE FACEPLATE 




FACEPLATE 



VERTICAL GRAIN 
STOCK 



68.173 

Figure 15-23. — Rechucking of the cope. 
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1/8 inch. Turn vertical grain pattern stock 
by the spindle turning method to the proper 
diameter and approximate length for the boss 
and the vertical core print. Glue tlie turned 
vertical grain stock into the turned recess in 
the cope half of the pattern. When the glue 
dries, finish turning the cope half of the pattern. 
While the work is still mounted on the lathe, 
sand it and apply the first coat of pattern 
covering. Remove the pattern from the false 
faceplate and plug the holes left by the face- 
plate screws. Recheck the cope half of the 
pattern against the layout. 

Mount the previously glued-up segment 
courses on a faceplate and turn the recess 
for the female dowel. Use the male dowel on 
the cope half of the pattern as a template for 
matching of the female dowel (fig. 15-24). When 
the proper matching of the male and female 
dowel Is accomplished, turn an extra 1/32 inch 
from the depth, and l/32 inch from the side 
angle and diameter of the female recess. This 
allowance permits expansion of the male dowel 
and shrinkage of the female receptacle caused 
by the application of the pattern coating. Turn 
the outside diameter and the angle of the core 
print on the periphery of the pattern (fig. 15-24). 

Turn a false faceplate to the reverse (male) 
shape of the female dowel. Recheck the drag 
half of the pattern to the false faceplate and turn 



the opposite side (face curve) of the pattern to 
a template as shown in figure 15-25. 

Before removing the work from the lathe, 
sand and finish the drag half in the same manner 
as described for the cope half. Recheck all 
dimensions and the shape of the pattern (cope 
and drag) against the layout. After the final 
checking, apply pattern coating in accordance 
with the Standard Color Code. The completed 
pattern is shown in figure 15-26. 




23.39 



Figure 15-25. — Rechucking of the drag. 
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68.174 28.40(68) 
Figure 15-24. — Turning of the .emale dowel and Figure 15-26.— Completed pattern for a single 
suspended core print, suction impeller. 
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CORE BOX FOR A SINGLE 
SUCTION IMPELLER 

From •:he detailed study of the blueprint 
and the layout, it was decided to incorporate a 
suspended core to form the interior of the 
single suction impeller^ In chapter 11 a sus- 
pended core was defined as one havii^ the 
seat so formed that it may be suspended above 
the mold. (See figs* 15-18 and 15-19.) The 
core is of such shape in order to cast the 
vertical curved vanes accurately and to transfer 
a smooth surface to the casting which will 
be true to the desired contour. 

Two core ixjxes are required for the single 
suction impeller. One establishes the eye open- 
ing on one side of the Impeller and the vane 
openings on the periphery of the casting. The 
other box casts the hub shaft hole. The two 
cores when baked and assembled are set into 
the mold cavity as one complete unit. 

A step- by-step procedure for the manu- 
facture of the main body core box for a single 
suction impeller is described in the following 
paragraphs. 

The thickness of the various segment courses 
are taken directly from the layout. Refer to 
figure 15-18 for the complete layout of the core 
boxes. Figure 15-27 shows the breakdown of the 
main body core box with a view of the course 
thickness and the temporary parting for the 
insertion of the curved vanes. The placir^ of the 
different course thicknesses in their proper 
order for the two halves of the main body core 
will permit production of a core boa having 
the same staying qualities as the pattern. These 
course thicknesses also serve as a depth gage 
while turning the core box on the lathe. 



CORE PWmT 




PtANKWiSE MATERIAL 



Select plankwise stock (stock with the grain 
going in only one direction) of convenient thick- 
nest* and of the proper diameter for H (fig. 
15-27); mount it on a false faceplate and face 
off. This plankwise stock is used for the base 
of the main body core box. hay^ out, cut, and 
sand segment course I as shown in figure 15-27, 
allowing stock for turning. Glue and clamp 
course I directly upon the plankwise stock. 
Face off segment I to the proper height. 

Lay out, cut, and sand segment courses J, 
K, and L. Glue and clamp these three courses 
together in the proper sequence, placing the 
course end joints midway between the end joints 
on the preceding course. After the glue has 
dried, plane the underside of segment J to 
make a perfect joint between courses I and J. 

Clamp the upper section (courses J, K, and 
L) to the lower section (course I and the plank- 
wise stock, H), bore two l/4-inch holes through 
the upper section into the lower section, and 
insert dowels. (See fig. 15-27.) Placing of 
dowels in the box before turning the cavity 
ensures an accurate method of realigning the 
two sections of the box after the curved vanes are 
inserted. Drill clearance holes for wood screws 
through the lower section and secure both 
sections together. Place the screws so that they 
will not interfere during turning. Mark each 
complete unit for future reference. 

Lay out and construct a template to the 
dimensions of the required cavity of the main 
body core as shoAvn in figure 15-28. Using the 
proper surface feet per minute for the size of 



FACEPLATE 




TEMPLATE 



23.42 

Figure 15-27. — Layout of the body core box. 



23.43 

Figure 15-28.— Turning the main body core box 
to a template. 
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the box, turn -he cavity to the template as shown 
in figure 15-28. .Note how the segment courses 
serve as an aid in determining the depth of the 
various sections of the >>ox. Hefoiv removing 
the lx)x from the lathe, sand the J>ox and apply 
the first coat of pattern coating. liemove the 
box from *he lathe, i)ut DO NOT remove the 
core box from the faceplate l>ecause, after the 
vanes are inserted, the top edges of the vanes 
have to be turned to a template. 

Remove the top section of the core box. 
Place the parting line of the box face down; 
put a temooraiy block of scrap stock in the 
eye opening fltsh with the parting surface of 
the upper section. The temporary block should 
be a snug fit because the true center of the box 
will ^>e laid out on this block. On the surface 
of the parting of tho Ik>x, lay out the curved 
vanes as shown in figure 15-20. 

Remove the temporary block from the center 
of the box und cut out the vane sections to the 
line on the jigsaw. Referring to figure 15-20 
which snows the layout of the curved vanes, 
lay out a template from thin template stock. 
I sing end grain material slightly higher than 
courres J, K, and L, of figure 15-27, trace 
the vane template on the stock. Cut out and 
sand the curved surfanf>-5 to a slight draft. 

Glue and insert the curved vane sections 
into the cutouts made in the core box. Insert 
the vanes from the curved cavity of the box to 
eliminate chipping of the curved surface. Plane 
the parting of the top siection to remove those 
portions of the curved vane that may extend 
above the surface. Glue and clamp the two 
sections of the box in their proper position, 
using the dowels for alignment. 

Remove the box from the faceplate, sand 
where necessary, and apply one coat of pattern 
coating to the ^x>x. Fill in all holes or voids 
betweeu the vanes and the curved surface of the 
box. Run a leather or wax fillet between the 
vanes and the curved section of the box. Paint 
according to the Standard Color Code. 

To complete the main body core box, a 
sweep is necessary to form the top surface 
of the core for the inner hub as shown in 
figure 15-29. The center section (inner hub 
and radius) may be turned between centers on 
the lathe and inserted into the sweep material. 
The sweep must be^long enough to extend over 
the full outside diameter of the core box. A 
curved block (matched to the outside diameter) 
is fastened to each end >f the sweep to align 
the center boss on the sweep in the correct 
position. (See X in fig* 15-29*) 



SWEEP 




Finish 



RNlSN 





VANE 









VANE 
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Figure 15-29. —Vane insertion and sweep for 
main body core box. 



COUNTERSAWING OF 
PATTERN MEMBERS 

The fitting of bosses and other pattern 
members to the main body of a pattern may 
i)e difficult due to the shape or contour of the 
pattern. As a PM3, you will be required to 
know enough of pattern joinery to overcome 
the difficulties encountered in laying out and 
cutting these members. Therefore, an under- 
standing of countersawing is necessary for 
attaching those pattern members located on 
curved or oblique surfaces. 

Countersawing, as the name implies, is two 
or mare sawing operations used for the shaping 
of pattern members. The pattern member is 
laid out, sawed in one direction, braaaed back 
together, and sawed ana sanded in the opposite 
direction. As in all phases of patternmaklng, 
absolute accuracy (through the use of center- 
lines) is necessary for laying out, cutting, 
sanding and fastening of the various parts of a 
pattern. 

Ways of laying out and countersawing various 
shapes of pattern members are discussed in 
the following paragraphs. 

The simplest method (fig. 15-30) for locating 
small bosses to a curved surface is to bore 
a hole in the pattern body at the proper location 
and insert the boss. This method has the 
advantage of having the boss permanently attached 
to the main body of the pattern. However, if 
an alteration to the pattern for the location 
of the bosto is necessary, the bored hole would 
have to be plugged and the inserted plug faired 
to the main body. 
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Figure 15-30. — Boring into main body for boss 

insert. 

For pattern members, such as a boss that 
is located vertical to an obliqi:e surface (fig. 
15-31) on the main body of the pattern, a more 
definite method is recommended. Select a block 
of appropriate size for the boss. The length 
of the block should be greater than the length 
of the boss. The block should be slightly wider 
than the diameter of the boss. The extra width 
will allow for the draft to be sanded on the sides 
of the boss. In addition, the block must be 
sanded square to each surface. 

Lay out the centerlines on all surfaces of 
the block and the diameter of the boss as shown 
in part A of figure 15-31. From the top surface 
of the boss, transfer the lei^ of the vertical 
centerline of the boss from the layout to the 
squared block. The angle of the underside of 
the boss is laid out on the side surface of the 
block with the angle intersecting the vertical 
centerline and the transferred length of the boss. 
Cut the block to the angle laid cut on the side 
surface of the block. Brad the two blocks back 
to«rether, aligning the top section to the bottom 
section with the proper centerlines. (See part 
B of fig. 15-31.) Cut the circular shape of the 
boss (top of the block) and sand draft to the side 
surface. Reestablish the vertical centerlines on 
the vertical surfaces of the boss. Remove the 
top section of the shaped block from the bottom 
section. The top section is then aligned by the 
centerlines on the vertical surfaces of the boss 
and the oblique surface of the main body of the 
pattern. 




68.177 

Figure 15-31. — Laying out and cutting bosses 
vertical to an angle. 

Figure 15-S2 illustrates the method of 
layii^ out and countersawlng a boss to match a 
curved surface on the main body of the pattern. 
Figure 15-33 illustrates the method of laying 
out and sawing a boss to match surfaces of two 
angles. 

When pattern members are to be added to 
a circular curved surface, such as that shown in 
figure 15-34, an entirely different procedure is 
necessary. The bottom piece is turned on the 
lathe as a false faceplate. This bottom piece 
will be used in the same manner as were parts 
B of figures 15-31. 15-82, and 15-33; that is. 
to hold the boss material in position during 
the cutting and sanding operatior The top piece 
is matched to the false faceplate ^ d the pattern 
members are cut out from the matched pieces. 

From the layout (fig. 15-34) determine the 
width and thickness of the circular ring neces- 
sary for the pattern members. Select stock of 
appropriate size, mount on a false faceplate 
and turn to the reverse shape of the outside 
of the pattern. The reverse shape of the curved 
outside of the pattern is actually the shape of 
the bottom side of the pattern member. (See 
fig. 15-35.) Remove the circular ring from the 
false faceplate. Turn a false faceplate of suf- 
ficient thickness, as shown in figure 15-36. to 
the shape of the carved outside shape of the 
pattern. A center boss corresponding to the 
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THICKNESS 



68.180 

Figure 15-34, — Laying out bosses on a curved 
surface away from the centerline of the pattern. 



68.178 

Figure 15-32. — Laying out and cutting bosses 
vertical to a curved surface. 






68.181 

Figure 15-35. — Turning boss material to a tern- 

plate. 



1 • 




Jl 1 1 
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Figure 16-33. — Laying out and cutting bosses 68.182 
vertical to a compound angle. Figure 16-36. — Turning of a false faceplate. 
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inside diameter of the circular ring is also 
turned on the false faceplate. This center boss 
is used as an aid to locate the boss material 
(circular ring) in position for cutting und sand- 
ing. Rechuck the circular ring on the false 
faceplate, as shown in figure 15-37. Before 
removing the work from the lathe, scribe a 
centerline on the surface of the circular ring, 
corresponding to the diameter of the boss circle. 
Remove the false faceplate and the attached 
circular ring from the lathe. Lay out the boss 
diameter or pad size on the top surface of the 
circular ring. The intersection of the circular 
centerline scribed on the top surface of the 
ring and radial lines scribed from the center 
of the false faceplate are used as centers (fig. 
15-38). 

The circular ring and the turned base (false 
faceplate) are secured together with brads. The 
brads are driven through the scribed boss 
diameter (circular ring) and into the base piece 
(fig. 15-38). Cut the boss or pad on a handsaw 
and sand it on a disc sander as previously 
described. Establish vertical centerllnes on the 
side surfaces of the boss. Attach the boss to 
the main body of the pattern using the scribed 
centerllnes as an aid In aligning members. 



STRAIGHT STAVED 
CONSTRUCTION 

Large patterns or core boxes 8 to 10 Inches 
in diameter, or either cylindrical or conical 
shape, may be constructed by using staved 
construction. Staved construction is used when 




68.183 

Figure 15-37.— False faceplate and boss material. 



BRADS 




68.184 

Figure 15-38.— Layout and cutting of bosses on a 
circular curved surface. 



patterns or core boxes cannot be made eco- 
nomically from solid stock. The advantages of 
staved construction are that It: 

1. Provides a combination of lightness and 
strength. 

2. Produces a pattern that Is more likely 
to retain Its dimensional form. 

3. Permits building close to the finished 
outline of the pattern so that there is compara- 
tively little excess stock to be removed. 

Briefly, this method of construction consists 
of fastening narrow pieces of stock called 
STAVES or LAGS to foundation pieces called 
HEADERS. To stiffen the construction and to 
provide means for rapping and drawing the 
pattern from the mold, a STRONGBACK is 
dadoed Into the headers as shown In figure 15-39. 
Four of the staves are called JOINT STAVES 
and are usually cut a little wider to allow for 
hand-planning the parting Joint. 

In selecting the number and thickness of 
staves to be used, you must exercise sound 
Judgment based upon a consideration of the 
diameter of the work, strength desired, size of 
available stock, and the amount of gluing sur- 
face between the staves. In general, the greater 
the number of staves, the closer you will be 
able to build the pattern to the finished outline. 
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DOWEL 




Figure — Typical staved construction 



23.69X 



The following general rules may be helpful in 
staved construction: 

1. Staved construction is recommended in 
the building of long cylindrical or conical pat- 
terns and core boxes exceeding 8 to 10 inches in 
diameter. 

2. The gluing surface at the stave Joints 
should not be less than 3/4 inch* 

3» The thickness of the headers should be 
approximately 1 1/2 times the thickness of the 
staves. 

4. The distance between the headers should 
be from 9 inches to 12 inches depending on the 
size and strength required. 



LAYOUT OF STAVES 
AND HEADERS 

The following general procedure is used for 
laying out the headers and staves of a typical 
staved Job« Remember that this is not the only 
way of doing the Job. Many Patternmakers have 
their own particular method of working. So long 
as the various methods are equally effective it 
is well to respect the individual differences you 
may find in your crew. Figure 15-40 shows the 
layout for staves and headers: 

1* Scribe a horizontal an^ a vertical center^ 
line on the layout boards 
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Figure 15-40. — Method of laying out staves and headers. 

2. On the horizontal centerline scribe a 
semicircle having a diameter equal to the out- 
side diameter of the pattern under construction. 

3. Divide the semicircle into four equal 
parts. Remember that figure 15-40 shows only 
one-half of the cylindrical pattern and that eight 
staves are actually used for the complete job. 
Thus, when you are using the table of chords 
to calculate the length of the chord required, 
be sure to multiply the diameter of the job by 
ihe factor listed in the table for eight segments. 

4. Scribe chord AB in order to establish a 
fixed reference line from which the thickness 
of the stave may be laid out. 

5. Lay off the distance C which includes 
allowance for lathe turning. 

6. Adjust and set the bevel gage to angle 
ABX and scribe line DE parallel to line AB. 
Line DE represents the outer face of the stave 
including waste stock. Angle ABX is found to 
be 67 1/2", by subrtacting 45' from 180* and 
dividing tjy 2. (The total of the three angles of 
a triangle is always 180^) 

7. Scribe line FG parallel to DE to give you 
the thickness (H) of the stave to be used. Line 
FG represents both the outline of the header 
and the inner face of the stave. Figure DEFG 
represents the template for the staves. 

8. If the gluing surface at the stave joints 
(AG) is less than 3/4 inch in thickness, select 
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a greater number of staves and repeat the 
layout procedure. 

9, For patterns which require circular 
headers for inside turning, scribe a semicircle 
using XF as the radius. 

Figure 16-41 illustrates three different 
meliiods of constructlftg polygonal headers. The 
illustrations are self-explanatory. 




28.71 X 

Figure 16-41.— Methods of constructing headers. 
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STAMXG ON 
CIRCrLAR HEADERS 

Staving may be done on round or circular 
headers by concaving the inner face of the 
stave to fit the header. The staves are laid out 
in the conventional manner. The concave arcs 
are cut on the table saw as illustrated in figure 
15-42, First, set the saw blade to px^oject above 
the table a distance equal to dimension X, If 
the desired ^adius of the stave is lai'ger than 
the diameter of the saw, two or three cuts may 
be necessary on each stave as shown in A, 
figure 15-42, After the height of the blade is 
adjusted, swing the fence or straightedge to 
such an angle that the saw will cut only the 
width of the narrow side of the stave shown as 
dimension Y, Lay off dimension Y on a flat 
steel square. Place the square against the 
straightedge and adjust the straightedge as shown 
in B, figure 15-42, It will be necessary to 
readjust the straightedge slightly before clamp- 
ing it m place because of the bevel on the 
edge of the stave. Move the straightedge away 
from the tip of the saw blade to a distance equal 
to the overhang of the bevel on the edge of the 
stave. 

Adjust the height of the blade so that at least 
two C'jts must be taken to remove the waste 
stock* For smooth work, the last cut should be 
very light and the stock should be fed slowly 
over the saw in the direction of the arrow 
shown in B, figure 15-42, Cut the first stave 
and check it for accuracy before proceeding 
^ with the rest of the staves. Always make two 
or three extra staves while the saw is set up. 

Another method of setting the angle of the 
straightedge is by us^ng a parallel frame as 
shown in figure 15-43. The parallel frame 
method is the simplest and most convenient 
method for setting the angle for concave sawing. 
The angle on the inside edge of the side pieces 
of the frame is equal to the angle on the edges 
of the stave. 

Using one of the staves as a template, adjust 
the frame to the stave, remove the stave, and 
place the frame over the saw blade with the 
narrow side of the frame face down on the saw 
table, (See fig. 15-43.) Adjust the height of the 
blade for the full depth of the concave on the 
stave. 

Swing the frame around until one of the 
inner edges of the frame comes in contact v/ith 



the back of the blade and the other Inner edge 
com^s in contact with the front of tlie saw tootli 
as shown in figure 15-43, This frame can be 
used as a straightedge but must be clamped to 
the table top. 

To use this parallel frame only to obtain the 
angle to set the fence or straightedge, observe 
the following procedure: Trace the angle ob- 
tained from the parallel frame on the surface 
of the saw table. Select a board to be used as 
a straightedge, bevel one edge to the angle of 
the stave. The length of this straightedge should 
be approximately the length of the angle traced 
on the table top. Clamp the straightedge along 
the line that was transferred from the parallel 
frame as shown in figure 15-44. 

Regardless of which setup method is used for 
cutting the concave on the staves, the following 
points concerning safety should be observed: 

1, Use a sharp saw blade, 

2, Make all cuts against the rotation of the 
saw blade to prevent the saw from dragging the 
work into the saw and thus decreasing the 
operator's control of the workpicce, 

3, Do not fo^ce the work over the blade, 

4, Do not attempt to cut more than l/l6 
Inch in depth at one time. The slower the stock 
is passed over the saw blade and the smaller 
the cut is in depth, the smoother the surface 
will be, 

5, Make at least two cuts. 



TAPERED STAVED 
CONSTRUCTION 



Tapered staved construction is similar In 
some respects to straight staved construction. 
But the headers required for tapered staved 
constructIo»* vary In diameter; the staves must 
be tapered throughout their entire length. In 
addition the edges of the headers must be cut at 
an angle. Figure 15-45 Illustrates a longitudinal 
layout for tapered staved construction. Note 
that this layout provides the required edge angle 
for the headers and shows how the stave varies 
In diameter. (See the auxiliary view of the 
staves in fig. 15-^45.) 
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VIEW A-* SETTING THE HEIGHT OF THE SAW BLADE 




THREE CUTS 




CLAMP 



CLAMP 



VIEW SETTING THE ANGLE OF THE 
STRAIGHTEDGE 



Figure 16-42.— Method of concaving staves by using the table saw. 



23.72X 
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23.73 

Figure 15-43.— Method of determining angle with 
a parallel frame. 




Since there is a constantly increasing (or 
decreasing) diameter of the taper, it is best to 
lay out Ihe headers as polygons instead of as 
circular shapes. Polygonal headers prevent 
having to hand-cut the staves to the concave 
shape required to ensure a proper fit on the 
header. 

If the taper is not too great between the end 
headers, it is best to cut the staves parallel, 
then taper and bevel the edge on the jointer. 
If the taper is great, cut the staves with the 
taper and then bevel the e<^ on the jointer. 
Either method will require the use of compound 
angles. 

Tapered staves may be secured to either 
round or circular headers, but it is time con- 
suming. Because different radii are involved at 
each end of the stave, resulting in constantly 
changing radii throughout the len^ of the stave, 
cutting and matching the staves to the headers 
is difficult. To overcome this difficulty, poly- 
gonal headers are recommended because they 
enable you to use a flat surface to secure the 
staves to the headers. 



GLOSSARY OF TERMS 



The following definitions are of texms used 
in chapter 16. 



23.74 

Figure 15-44. — Method of clamping a bevel 
straightedge fnr concaving staves. 




BONDING— The act of integrating an existing 
metal part into a casting by melting together. 



BUSHING— A cylindrical lining of an opening 
used to limit the size of the opening, resist 
friction or abrasion, or serve as a guide. 



COMPOSITE CASTING- A casting that is poured 
around inserted sections of a different metal. 



KNURLING— Forming a series of small ridges 
or beads on a metal surface to aid in gripping. 



23.75 PLUGGED IMPRESSION - Impressions formed 
Figure 15-45, — Longitudinal layout for tapered by inserting a plug of required shape through 
staved construction, a pattern into the sand. 
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PATTERNS FOR COMPOSITE CASTINGS 



Special characteristics which are desirable 
in a certain part of a castii^ may be obtained 
by using metal inserts of a different material 
than the main body of the casting. These inserts 
are frequently cast in place and are called 
composite castings. 

Frequently a steel or bronze bushing is 
cart into an aluminum pulley to give a special 
characteristic of lightness to the casting and 
a hard bearing surface for the shaft (See fig. 
16-1.) Brake drums are another good example 
of the use of cast inserts. The outer shell is 
a steel stamping into which a liner of cast iron 
is poured, (See fig. 16-2.) Steel or bronze 
shells for holding soft metal liners for bearings 
are the most common use of cast-in inserts 
that the Patternmaker will be required to 
manufacture. (See fig. 16-3.) 

A mechanical means of bonding the two 
different metals together is necessary. The 
most common forms of bonding an insert to a 
casting are knurling, slotting, or grooving of 
the insert. Examples of the various methods 
of using cast-in inserts are described in this 
chapter. 



MOTOR END BELL 
WITH A STEEL BUSHING 

In the design of any cast-In Insert for a 
specific job, the increase in the casting cost 
must be justified try the special characteristics 
desired. For example, if a cast iron jacketed 
motor end bell is accidentally broken in the 
englneroom and no spare end bell is available 
at the time, the engineer officer, repair officer. 
Machinery Repairman, and the Patternmaker 
may decide at an emergency conference to 
manufacture and install an end bell of a modified 
design to enable placing the pump back in 
operation during the time interval necessary 
for ordering the proper end bell from the supply 
center. 




23.86 

Figure 16-i. — Aluminum pulley with a metal 
cast-in bushing. 




STEEU STAMPING 



23.87 

Figure 16-2. — Brake drum with cast iron insert. 



SOFT METAL INSERT 
(BEARING METAL) 




(STEEL.CASTIRON, 
OR BRONZE) 



23.88 

Figure 16-3.— Bearing cap with soft metal insert. 
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No m^idifioation of the motor shaft is re- 
quired for use of a smaller bearing in the 
end bell because of having to build up the shaft 
again for the end beU on order The modified 
design would include a straight steel bushing 
instead of a ball or roller bearing* Instead of 
machining the end bell to size and pressing 
the steel bushing into the thin walled casting, 
the bushing would be cast in place during the 
casting process* 

In this case the Patternmaker is the leadman 
in the design of the end bell; basic design 
rules must be applied. (See chapter 2 of this 
training manual). While cast-in inserts tend to 
reduce shrinkage to the extent that no shrinkage 
allowance is required, It is advisable to allow 
sufficient metal around the Insert to eliminate 
any cracks or draws during the solidification of 
the main body of the casting. 




23.90 

Figure 16-6. — Jacketed end bell modified for a 
cast-in steel bushing. 



LAYOUT AND CORE BOX 
FOR INSERT 

Using the basic dimensions of the broken 
cast iron end bell (fig. 16-4), make a layout 
with the proper shrink rule, including all 
modifications for the steel bushing, as shown 
in figure 16-5. From the pattern layout make 
a sketch of the bushing* showing the semi- 
finished dimensions and the mechanical means 
of bonding the bushing to the cast iron end belL 
(In fig. 16-6 slots are used to keep the bushing 
from turning and grooves to keep the bushing 
from pulling away from the casting.) 

Allow finish on the inside of the bushing and 
on each end for final machining of the end bell 
and of the bushing. Send the sketch to the 



GROOVES 



OUTER 
SHELL 



BALL OR ROLLER 
BEARING 




REINFORCING 
BOSSES 
BETWEEN 
INNER AND 
OUTER WALLS 



23.89 

Figure 16-4.— Jacketed end bell with ball or 
roller bearing. 




FINISH ADDED TO INSERT- 



28.91 

Figure 16-6. — Sketch of semifinished steel 

bushing. 



machine shop so that the semifinished bushing 
can be manufactured from the prc^r material. 
When the semifinished bushing is returned^ con-- 
struct a special core box for the core that will 
locate and hold the bushing in the proper position 
in the mold cavity durir^ the pouring of the 
metal into the mold« (Fig. 16-7 illustrates the 
insert and the core.) 

In figure 16"-5» note how the core is set. 
When the cope half of the mold is placed in 
position^ the insert will be kept from floating 
}xy the green sand in the cope« 

CONSTRUCTION OF A JACKETED 
END BELL PATTERN 

The construction of a jacketed end bell pat-> 
tern is similar to that of cylindrical or bell 
shaped patterns. The jacketed end bell pattern 
is more complicated because each course of 
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23.92 

Figure 16-7,— Semifinished bushing showing core 
arrangement. 



segments differs In diameter and in the coring 
for the opening between the inner and outer 
walls. 

The pattern is made of segmental construction 
and turned on the lathe. The finished pattern 
will be shell-like with a core print around 
the outside periphery to locate and hold the 
suspended core required for the space between 
the inner and outei- walls of the casting. Locating 
and holding the Insert in the mold are made 
possible by the addition of a vertical core print 
on the pattern. 

Before proceeding to build up the pattern 
for the jacketed end bell, a full-size (shrink 
rule) section of the end bell should be laid out. 
From the layout, the thickness, the width, and 
the required number of segment courses are 
determined. The number of segment courses 
will depend upon the shape tmd size, and upon 
the personal preference of the Patternmaker. 
With dry lumber, the pattern is built up as 
shown In figure 16-5, taking care to allow 
stock for finish where so indicated on the layout. 
Five courses, as illustrated, have been selected 
for the jacketed end bell pattern in figure 16-5. 

While the glue is drying, two templates are 
made from thin template material, one for the 
inside shape and one for the outside shape of 
the pattern. The shape of the template should 
be the same as that of the cross swUon of the 
end bell transferred from the layout to the 
template material. The step on the face of the 
pattern, intended to receive the motor, may be 
ignored as it can be easily turned in afterwards 
by the machine shop. 

The inside of the pattern is turned to corre- 
spond to the shape of the inside template, and a 
cope core print added for the cast-in insert 
core, after which the pattern is removed from 
the faceplate. The pattern should be rechucked 
to a false faceplate to permit the outside of the 



pattern to be turned. Add the drag core print 
for the cast-in insert core on the intersection 
of the centerlines on the surface of the pattern. 
Before removing the finished pattern from the 
false faceplate, sand the pattern and apply a 
thin coat of pattern coating. The finished pattern 
will appear as illustrated in figure 16-8, 

CONSTRUCTION OF THE CORE BOX 
FOR A JACKETED END BELL 

The core box is built up of segmental con- 
struction and turned on the lathe. The finished 
core box will have ei^t loose pieces for the 
plug type impressions for the reinforcing bosses 
between the inner and outer walls. In addition, 
the core box will have four loose pieces that 
form the inner wall thickness and one sweep 
that forms the inside shape of the inner wall, 
(Fig. 16-9 shows only four of the plugs for the 
reinforcing bosses,) 

The shape of the inside of the inner wall is 
the same size and shape as the inside of the 
patter.-u Therefore, the four openii^s developed 
by the loose pieces for the inner wall thickness 
will kiss the green sand of the cope when the 
completed core is set and the mold is ready for 
pouring. 

MAIN BODY CORE BOX. — From the layout, 
the segment course size and thickness is deter- 
mined. Using dry lumber, the core box is built 
up and allowance is made for added finish and 
turning. During the time the glue is drying, 
three templates are made from thin template 
material; one for the inside wall of the outer 
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Figure 16-8. — Completed pattern for a jacketed 

end bell. 
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shelU one for the outer wall of the inner shell, 
and one for the inner wall of the inner shell. 

The main body core box Is mounted on a 
faceplate and the shape of th^ inside wall of the 
outer shell is turned to a template^ (See fig. 
16-10.) Before remwing the core box from the 
faceplate^ establish the horizontal and vertical 
centerlines. Drill a hole througjii the bottom of 
the box to serve as a pivot point for the sweep. 
Sand the main body core box and apply a thin 
coat of pattern coating. 

PLUG IMPRESSION CORE PRINTS. — The 
locations of four of the plug type impressions 
(reinforcing bosses between the inner and outer 




« 00$E S»tEC€9 FOR 
INNER WALL THtCKNCSS 



23.94 

Figure 16-9. — Layout of core box for a jacketed 

end bell. 



walls of the eiKl bell) are arranged on the 
vertical centerline and are radial to a common 
center point (CP). (See fig. 16-9.) The remaining 
four plugs are arranged in the same manner 
but are located on the horizontal centerline* 
Manufacture two Jigs for the purpose of 
drilling the ei^t radial holes for the plug type 
impressions. (See fig. 16-11.) Jig #1 is made 
to correspond to the angle of the four upper 
radial holes. Jig ^2 is made to correspond to 
the angle oi the four lower radial holes. Mount 
the core box on jig #1 and drill the four upper 
radial holes throu^ the side of the box. Re- 
move the core box from Jig si and remount on 
jig «2 and drill the remaining four holes throu^ 
the bottom at the box. (Note: Two different 
size drills are required for each hole. One 
drill is used for the stop for the plug and the 
other drill is used for the remainii^ portion of 
the hole.) 





23.95 

Figure Ift-lO. — Turning the main body core box 
with the aid of a template. 



cmt BOX 




23.96 

Figure 16-11.— Main body core box mounted on a 
Jig for drilling the radial holes for the plug 
type impressions^ 
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Turn the eight plugs between centers and 
check against the holes in the box for correct 
size* Also check to make sure the stops are 
In the proper position* The outside end of tlie 
turned plugs are cut to match the outside shape 
of the box so that the inside end will he in the 
proper position durir^ the ramming of the core. 
(See fig* Mark each plug and corre- 

sponding hole. 

LOOSE PIECE FOR INNER WALL, — The 
four loose pieces that form the inner wall 
thickness are made of segmental construction* 
The pattern stock is glued up in the usual 
manner, but after drying, the stock is divided 
into four (90^ quadrants. The four quadrants 
are sanded, glued togetlier with paper between 
the joints, and turned. The turned shape is 
then taken apart at the quadrant joints. The 
paper used in the glue joints will part easily, 
and only li^t sanding will be necessary to 
restore the quadrant joint. 

The pattern stock for the inner wall thick- 
ness is mounted on a false faceplate and turned 
to correspond to the shape of the inside of the 
pattern. (See fig. 16-12.) Rechuck the stock 
turn the shape of the outer wall, bore a hole in 
the center for the sweep pin, and remove from 
the false faceplate. (See fig. 16-13.) Transfer 



the shape of the cutouts to the pattern for the 
inner wall thickness, cut and sand to a common 
radial center point. (See fig. 16-14.) Break the 
edge^? of the cutouts to eliminate sharp corners. 

On the turned cavity of the main body core 
box, establish a second set of centerlines mid- 
way between the previously established center- 
lines. These centerlines will sei^ve in locating 
the four quadrants. Insert a short lei^[th of 
dowel in the sweep pin hole ai:d locate the loose 
piece for the Inner wall thickness in the core 
box by matching the quadrant glue joints to the 
second set of centerlines. 

After matching the centerlines, brad the 
loose piece temporarily In place. Use a transfer 
punch corresponding to the size of the hole 
for the plug type impressions and establish a 
center point on the outer surface of the Inner 
wall, This center point Is used for locating the 
eight small bosses that shape one-half of the 
reinforcing bosses between the inner and oute** 
walls of the end bell. 

Remove the loose piece from the core box 
and shape and glue the eight small bosses in 
position, checking the height against the proper 
plug. Replace the loose piece in the core box 
and brad in position. Drill a small dowel hole 
through the eight bosses and Into the end of the 
plugs. Drill a small dowel hole, through the 



FACEPLATE 





FALSE 
FACEPLATE 



23.97 * 23.98 
Figure 16-1 2. — Turning the inside shape of the Figure — Turnii^ the outside shape of the 



loose piece for the Inner wall thickness, loose piece for the inner wall thickness. 
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Figure 16-14. — Layout of the side cutouts on 



four quadrants into the center boss turned in 
the main body core box. Mark the four quadrants 
and their corresponding seats in order to prevent 
accidental mismatching of parts. 

Remove the loose piece from the core box 
and break the paper joint. Lightly sand the 
joint and place dowels into the drilled holes. 
Bun the proper size fillets in place and apply a 
thin coat of pattern coating. After the thin coat 
of pattern coating has dried^ apply a second 
coat according to the standard color code. 

SWEEP. — Construct a sweep in the shape of 
the inside of the pattern (inner wall shape of the 
loose piece) and insert the sweep pin in the hole 
at the bottom of the box. When completed^ the 
core box with its loose pieces will appear as 
Illustrated in figure 16-15. 



WEARING SURFACES ON 
NONFERROUS CASTINGS 

Ferrous inserts on nonferrous castings can 
be used for wearing surfaces but the chief 
disadvantage of these inserts in both production 
and fabrication is warpage. This may result 
from the different expansion characteristics of 
the two metals fused together^ or from the 




23.99 

the loose piece for the Inner wall thickness. 



unbalanced arrangement of the components so 
that the stresses of one section do not offset 
those in another section. 

Basically » all composite castings require a 
mechanical means of bonc-ing one m^tal to 
another. Wlien designing wearing surfaces^ any 
design that uses anchors should be small and 
the anchors used sparingly* Simple anchors 
used for mechanical bonding are formed by 
drill points or plain grooves. Althougti 
dovetail anchors are generally used, the T<*head 
anchor has more holding power. The shrinkage 
of the neck of the T-shaped anchor holds the 
metal faces together. As an extra aid in bond- 
ing steel to brass or bronze* the insert may be 
copper plated. 

Any insert used foi wearing surfaces will 
act as a chill to the main body of the casting 
and should be designed accordingly. The insert 
is designed* machined* and can be used ^en 
the pattern and insert are rammed up in the 
mold together. The pattern is withdrawn from 
the mold, leaving the insert in the proper 
position in the mold cavity. An Insert placed 
in the mold cavity should be as clean as possible 
to eliminate any oxidation between the two 
different metals. 
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BODY CORE BOX 
•PLUGS TO BOSSES ON 90^ QUADRANTS • 



23aoo 



Figure 16-15. — Exploded view of the completed core box for a jacketed end belU 



TRANSVERSE HOLES 
IN CASTINGS 

Another style of insert is the sheet nietal 
form: such Inserts are used primarily for 
transverse holes in castings* Sheet metal forms 
were developed for casting holes for hinge 
pins on stove or furnace frames. These forms 
were so successful that their use was adapted 
to other types of cartings where holes must 
be produced crossways above or below the 
parting line# 

Inserts can be used to form a hole or recess 
in a casting with sharper corners > smoother 
surfacesii and greater accuracy than can be 
obtained directly from green sand. An insert 
may be designed^ manufactured* and used on the 
principle of ram-ups as previously mentioned. 
Before ramming in the m^ld, the hole through 
the insert should he rammed with molding sand« 

The rammed sand in the insert will help to 
distribute the heat from the insert to the sand 
in the mold. In addition, the sand will keep the 
thin wall of the insert from collapsing during 
the pouring and solidification of the main body 
of the casting. 

The insert (being protected by the sand on 
one side) does not melt but welds itself to the 



casting* forming a permanent union between the 
insert and the casting. The sheet metal insert 
is a form of internal chill and should be treated 
as such. 

On shaking out* the casting will have the 
insert bonded to the casting in the proper position* 
The sand* rammed in the hole of the Insert* 
will fall out* leaving a clean hole of the required 
shape and size for the design. 

The type of Inserts most commonly used for 
forming holes or recesses are described in the 
following paragraphs* 

HINGE TUBES are used for forming holes 
transverse to the draw of the pattern* The 
insert consists of two parts* a hood and a tube 
(fig. 16-16). The pattern is provided with a 
notch (recess) for locating the tube in the re- 
quired position. The notch Is parallel to the 
direction of the draw and shaped so that the 
Insert will stay undisturbed In the mold upon 
withdrawal of the pattern. 

HALF HOOD TUBES are a modification of 
the hinge tube* and are used when the proper 
size hinge tube is not available. (See fig. 16-17.) 
The half hood is primarily used in conjunction 
with cores or when a pin or bar is to be anchored 
In the casting. When the pattern is withdrawn 



ERIC 



427 



PATTERNMAKER 3 & 2 




23.101 

Figure 16-16^ — Hinge tube type of metal insert. 




23J02 

Figure 16-17. — Half hood type of metal insert. 



from the mold, the core or pin is left anchored 
at both ends with the half hood below it. 

SQUARE SLOTS, as the name implies, are 
inserts used to cast square holes or slots when 
it is desirable to avoid the use of cores. The 
insert is placed in position on the pattem,^ then 
rammed up. The pattern is withdrawn from the 
mold leaving the insert undisturbed in the mold. 
The molten metal enters the insert from both 



HOLE IN PATTERN 




23.103 

Figure 16-18. — Threaded Insert for casting 
threads in castings. 



ends and fills solid. It may be necessary to 
provide vent holes on the inserts to allow gases 
to escape* 

THREADED SHAPES sufficiently accurate 
for many purposes^ can be cast with special 
inserts as shown in figure 16-18. The insert is 
set in place on the pattern and a wooden plug 
is screwed into the threaded insert. The wooden 
plug is tapered and forms a shank which is 
gripped by the molding sand to hold the insert 
in place when the pattern is withdrawn from 
the mold. 

Green sand ai^ foundry nails may be used» 
instead of the tapered wooden plug, for securing 
the insert. 
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A 



Abrading tools, 75 
Abrasive belts, 84 

Active duty advancement requirements, 5 
Advancement, 3-9 

Arcs and tangents, blending, 232-235 
Areas and volumes, determining, 243 
Auger bits, 58 



B 



Backsaw, 49 

Balanced core prints, 330 
Balanced cores, 411 

Bandsawing and machine sanding the pattern, 344 

Bell-shaped patterns, 401-403 

Belt Sanders, 83-87 

Bench, floor, and pit molding, 21 

Bibliography for Advancement Study, 8 

Billet patterns, 399 

Bisecting, 230 

Blades, circular saw, 115-118 
Blending arcs and tangents, 232«235 
Blueprint conference, 353-355 
Blueprints, 

care of, 280 

colors, 279 

purpose and use of, 278-284 

reading, 280-284 

types of, 279 

visualization oU 279 
Box or rod turning* 169 
Branch pipe patterns and core boxes* 388-393 

cross connection patterns and core boxes, 390 

lateral connection patterns and core boxes, 
390-393 

tee-connection patterns and core boxes^ 388- 
390 

Built-up work, 170 



C 

Calculations ot casting weights, 250-252 
Calipers, 35-39 

Castings, basic design of, 27- 31 

background for design, 28 

design rules, 29 
Centrifugal casting, 23 
Chain links, 337 
Chaplets, 300 
Chills, 301 

Circular headers, staving on, 418 
Circular saw, portable electric, 79-82 

crosscutting, 80 

ripping, 81 

use of, 80 

Circi saws, woodworking machines, 108-115 

rauial saws, 111-115 

table saws, 108-111 
Circular turning, 168 
Collapsible cora box, 332 
Combination countersinks and counterbores, 62 
Combination square, 39 
Common fractions, 222-224 
Cope and drag core prints, 330 
Cope atul drag pattern, 295 
Coping saw, 50 
Core boxes, 298 

for Jacketed end bell, 423-426 

for single suction Impeller, 411 

methods of constructing, 334-337 

types of, 332 
Core driers, 173 
Core prints, 328-332 

balanced, 330 

cope and drag* 330 

horizontal or parting line, 330 

suspended or hanging, 332 

tail or drop, 332 
Corebox machine, 92 
Coremaklng, 19 
Cores, 300, 310-328 

categories, 311 

characteristics of* 310 
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Cores — Continued 

classes of. 3io 

t>T)es of, 31 1 
Countorsawfng of pattern monilK,M*8, 412-415 
Countersinks* 62 
Cover cores, 314 

Cross connection patterns and core l>oxes, 390 
Crosscut saws^ 48 

Cui^ved flanged patterns and core boxes, 375-387 

pipe ellx>\v core box, 379-382 

pipe elbow patterns, 375-379 

retui*n lx?nd patterns, 382 

reducing elbow pattern, 382 
Cutting and carving tools, 45-63 

gouges, 54 

hand brace, 56 

hand carving chisels and gouges, 56 
hand drill, 57 
handsaws, 45-50 

wood boring bits and drills, 57-63 
wood chisels, 50-54 
Cylindrical pattern and core box, constructing, 
353-364 
blueprint conference, 353-355 
core lx>x, 362 

drawing the layout, 355-359 
finishing the pattern, 362 
lathe turning of the pattern, 360-362 
selecting and preparing the stock, 359 



D 

Decimal fractions, 224 
Determining areas and volumes, 243 
Disk Sander, 88, 138 
Distortion, 303 
Dovetail saw*, 49 

Dowels, inserting and aligning, 341-343 

Drawing plane figures, 235-240 

Drawing spirals and involutes, 240-243 

Drill points. 63 

Dry sand molding, 21 

Dump lK)x, 332 



E 

Expansion bit, 59 

Expansion joint patterns and core boxes, 372-375 



F 

Faceplate turning, 123-125 
Fillet gage, 41 



Fillets, 205-208 

Final multiple, 4 

Finishing Sander, 87 

Firm joint calii)ers, 36 

Flanged fittings, 365-393 

branch pipe patterns and core boxes, 388-393 
curved flanged patterns and core boxes, 
375-387 

straight flanged patterns and core boxes, 365- 
375 

Folding rule, 35 

Forcing and holding tools, 73-75 
Forstner bit, 60 
Foundry processes, 20-23 
Foundry work, 19 
Freehand skitches, 284-287 

order of working, 286 

technique, 285 
Fundamentals of math, 222«*229 

common fractions, 222-224 

decimal fractions, 224 

percentage, 225 

power and roots, 226 

ratio and proportion, 227-229 



G 

Gang box, 333 

Gated pattern, 294 

Geometric construction, 229-243 

blending arcs and tangents, 232-235 

drawing plane figures, 235-240 

drawing spirals and involutes, 240-^243 
Gouges, 54, 56 
Green sand molding, 21 
Grinder, 140-144 
Gypsum cement, 162-173 

characteristics of plaster, 162 

expansion cements for shrinkage compensation, 
172 

mixing and pouring of plaster, 165 
piaster applications, 166-172 
plaster patterns, 162 
shop equipment, 163 
storage of patterns, 166 



H 

Hand brace, 56 

Hand carving chisels, 56 

Hand drill, 57 

portable electric, 88 
Hand sanding^ 203 

Hand-carving tte pattern fillets, 345 
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Handsaws, 45-50 
Handtoois. 33-76, 77-101 

abrading, 75 

care and repair, 75 

cutting and carving, 45-63 

forcing and holding, 73-75 

marking/layout, 42-*45 

measuring, 33-41 

planes, 63-73 

power-driven portable, 77-101 
Horizontal or parting line core prints, 330 



Impeller patterns, 403-410 

construction of single suction impeller pattern, 
407-410 

layout of a single suction impeller, 403-407 
Inactive duty advancement requirements, 6 
Intercasting of linked members, 337-339 

chain links, 337 

swivel book, 338 



Jacketed end bell pattern, construction of, 422 
Jigs, 219 
Jigsaw, 118 

Joining segments in a course, 396 

Jointer, 127-130 

Joints, 

box corner and miter, 179, 187 

coping, 179, 187 

dauo, gain, and rabbet, 178 

dovetail, 179, 185 

grooved, 183 

half-lap, 181 

lap, 177 

mortise and tenon, 180, 188 



Kiss core, 317 



Lateral connection patterns and core boxes, 390- 
393 

Lathe sanding, 204 

Lathe turning of the pattern, 360-362 



Lathes, 119-127 

operation of, 121-127 

tools, 120 

types of, 119 
Layout and core box for insert, 422 
Layout, drawing, 355-359 
Layout of a single suction impeller, 403-407 
Layout of staves and headers, 416 
Layouts, pattern making, 287-2;^l 
Linked members, intercasting, 337-339 
Lock joint calipers, 36 
Loose pieces, 302 
Lost wax process, 23 
Lumber, 

classification of, 150 

cutting and seasoning of, 147 

defects and blemishes, 148 

grading of, 150 

nieasuring, 151 

pattern, 152 

sizes, 150 



M 



Machine spxrr bit, 61 
Maintenance, 

abrasive equipment, 142 

disk Sander, i39 

handsaws, 50 

Jointer, 129 

pattern equipment, 306 

planer, 133 

power shaving tools, 133 

radial saws, j 15 

table saws. 111 

vertical handsaw, 106 

vertical borer, 138 

woodworking shaper, 136 
Making pattern layouts, 287-291 
Manxifacturer's technical manuals, 10 
Marking/layout tools, 42-45 
Match plate, 294 
Matchboard, 294 

Mathematics, fundamentals, 222-229 
Mathematics, shop, 222-277 
Measuring tools, 33-41 

calipers, 35-39 

combination square, 39 

fillet gage, 41 

rules, 33-35 

sliding T bevel, 40 
Metal, 160-162 
Metal shrinkage, 303 
Metric system, 265-277 
Mitered constriK^tion, 375 
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Mold, 19 

Mold, elements of, 23-27 
cavity, 24 

pouring basin and sprue, 24 
risers, 26 
vents, 27 

Mo^d, ramming and pouring, 247-251 
Molding, bench, floor, and pit, 21 
Motor end bell with steel bushing, 421-426 
construction of core box for jacketed end 

}}oU, 423-426 
construction of jacketed end bell pattern, 
422 

layout and core box for insert, 422 
Multi-spur bit, 62 



N 



NavShips publications, 10 
Nu^ Tra publications, 10 



O 

Oilstone grinder, 140 
Open end box, 333 

Order of working freeha* d sketch, 286 



P 

Parallel development, 252-259 
Part cores, 298 
i^art r?.tterr., 297 

Parted pattern, making and molding, 341-352 
bandsawing and machine sanding the pattern, 
344 

checking and finishing the pattern. 346 
constructing the pattern, 341-347 
dowels, inserting and aligning^ 341-343 
hand-carving the pattern fillets, 345 
ramming and pouring the mold, 347-351 
transferring lines to pattern stock, 343 
Pattern allowances, 302 
Pattern and mold partingsr, 300 
Pattern construction techniques, 176-220 
finishing the pattern, 201-220 

constructing wooden flasks^ 217-219 
fillets, 205-208 
hand sanding, 203 
jigs, 219 

lathe sanding, 204 

methods of constructing patterns^ 213-217 
pattern coatings, 209«-212 



Pattern construction techniques, finishing the 
pattern — Continued 

pattern color codes, 212 
pattern letters, figures, and insignia, 208 
pc^terns from old castings, 220 
rapping and lifting plates, 2Q9 
sanding materials, 202 
wood joinery, 176-201 
Pattern equipment^ 292-309 
classification of, 292-298 
core boxes, 298 
loose, 293 
master, 296 
mounted, 294 

special pattern equipment, 296 

considerations » 298-306 
accxrracy, 299 
planning, 300 
strength, 299 

maintenance and storage of, 306 
Pattern layouts, making, 287-291 

layouts from blueprints, 287-290 

layouts from castings, 290 
Pattern lumber, 152 
Patternmaker rating, 2 
Patternmaker's saw, 49 
Patternmaking and founding, 14-32 

basic design of castings, 27-31 

elements of a mold, 23-27 

foundry processes, 20-23 

foundry work, 19 

repair department, 14-18 

repair ships and tenders, 14 

terms used, 31 
Patterns for composite castings, 421-428 

motor end bell with a steel bushing, 421-426 

transverse holes in castings, 427 

wearing surfaces on nonferrous castings, 426 
Percentage, 225 
Permanent mold casting, 22 
Pipe elbow core box, 379-382 
Pipe elbow patterns, 375-379 
Pipe spool patterns and core boxes, 366 
Plane figures, drawings, 235-240 
Planer, 130-134 
Planes, 63-73 
Plaster, 

applications, 166-172 

characteristics, 162 

mixing and pouring, 165 

patterns, 162 
Plaster mold casting, 22 
Plates, rapping and lifting, 209 
Plug cutters, 63 
Power and roots, 22o 
Power block plane, 94 
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Power-driven portable handtools^ 77-101 

circular saw. 79-82 

ooretx>x machine, 92 

hand drill, 88 

power block plane, 94 

power plane, 93 

router, 89-93 

saber saw, 82 

safety precautions, 78 

Sanders, 83-88 

spray guns, 95-100 

terms used, 100 
Precision investment casting, 22 
Principles of surface development, 252-265 

parallel development, 252-259 

radial development, 259-262 

triangulat?on development, 262-265 



O 

Quals Manual, 7 



p 

Radial development. 259-262 

Radial saws, 111-115 

Ram-up blocks, 296 

Ram-up core, 319 

Rate Training Manual, 8 

Ratio and proportion, 227-229 

Reading blueprints, 280-284 

Rechucking, 126 

Record of Practical Factors, 7 

Reducing connection patterns and core boxes, 

367-372 
Reducing elbow pattern, 382 
Repair department, 14-18 
Repair ships and tenders, 14 
Return bend patterns, 382 
Ring cores, 322 
Ripsaws, 47 

Router, portable electric, 89-93 
Rules, 33-35 
Run work, 166 



S 

Saber saw, portable electric, 82 
Safety, 

circular saws, 115 

disk Sander, 139 

grinder, 144 

handsaws, 50 



Safety — Continued 
jigsaw, 119 
jointer, 129 
lathes, 127 
planer, 133 

power-driven portable handtools, 78 

radial saws, 115 

vertical bandsaw, 106 

vertical borer, 138 

woodworking shaper, 136 
Sand casting process, 21 
Sanders, 138 

Sanders, portable electric, 83-88 

bell, 83-87 

disk, 88 

finishing, 87 
Sanding material, 202 
Screwdriver bits, 63 

Segmental and staved patterns and core boxes, 
394-420 
bell-shaped patterns, 401-403 
billet patterns, 399 

core box for a single suction impeller, 411 
countersawing of pattern members, 412-415 
joining segments in a course, 396 
segmental divisions, 394-399 
simple impeller patterns, 403-410 
sine method, 395 

straight staved construction, 415-418 

tangent method, 395 

tapered staved construction, 418-420 

typical segment pattern, 397 

wheel patterns, 400 
Segmental construction, 377 
Setup cores, 325 
Shaper, woodworking, 134-13'" 
Shell molding, 21 
Shop mathematics, 222-277 

calculations of casting weights, 250-252 

determining areas and volumes, 243 

fundamentals of math, 222-229 

geometric construction, 229-243 

metric system, 265-277 

principles of surface development, 252-265 
Shrink rule, 33 

Shrinkage and contraction, 302 

Sine method, 395 

Sii^le loose pattern, 293 

Single suction impeller pattern, construction of, 

407-410 
Skeleton patterns, 297 
Sketches, freehand, 284-287 
Skin-dried molding, 21 
Slab cores, 314 
SUding T bevel, 40 
Slush casting, 23 
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Special gating system cores, 325 
Spindle sander, 139 
Spindle turning, I2l 

Spirals and involutes, drawing, 240*243 
Spray guns, 95-100 

adjustment, 98 

fire hazards, 99 

health hazards, 100 

lubrication of, 97 

operational defects of, 99 

parts of, 96 

spray method, 98 

stroke, 99 

surface preparation, 98 
Spring calipers, 35 
Standard rule, 35 
Stock or 5;tandard cores, 311 
Stop-off or drop tail cores, 322 
Straight flanged patterns and core boxes, 365-375 

expansion joint patterns, 372-375 

pipe spool patterns, 366 

reducing connection patterns, 367-372 
Straight staved construction, 415-418 

layout of staves and headers, 416 

staving on circular headers, 418 
Structural materials, 145-175 

gypsum cement, 162-173 

metal, 160-162 

plastics, 173 

terms used, 174 

wood, 145-160 
Superimposed or cap cores, 317 
Surface development, principles of, 252-265 
Suspended cores, 317 
Suspended or hanging core prints, 332 
Swivel hook, 338 



T 



Table saws, 108-111 

Tail or drop core prints, 332 

Tangent method, 395 

Tangents and arcs, blending* 232-235 

Tapered staved construction, 418-420 

Technique of sketching, 285 

Tee-connection patterns and core boxes, 388-390 

Templates, 125 

Training fllHw, 10 

Transferring lines to pattern stock, 343 
Transverse holes In castings, 427 
Iree growth and structure, 146 



Triangulation development, 262-265 

Twist drills, 59 

Typical segment pattern, 397 



V 

Vertical bandsaw, 103-108 

causes of blade breakage, 106 

maintenance of, 106 

operation of, 103-106 

repairing blades, 107 

safety rules, 106 
Vertical borer, 137 
Volumes and areas, determining, 243 



W 

Wearing surfaces on nonferrous castings^ 426 
Wheel patterns, 400 . 
Wood, 145-160 

classification of lumber, 150 

common types of, 152 

cutting and seasoning of lumber, 147 

grading of lumber, 150 

lumber defects and blemishes, 148 

lumber sizes, 150 

manufactured products, 158 

measuring lumber, 151 

pattern lumber, 152 

tree growth and structure, 146 
Wood boring bits and drills, 57-63 
Wood chisels, 50-54 
Wood joinery, 176-201 

fastening materials, 191-201 

joint applications* 190 

laying out and cutting joints;, 180-190 

standard joints, 176 
Wooden flasks, constructing, 217-219 
Woodworking machines, 102-144 

circular saws, 108-115 
blades, 115-118 

grinders, 140-144 

jigsaw, 118 

jointer, 127-230 

lathes, 119-127 

planer, 130-134 

Sanders, 138 

shaper, 134-137 

terms used, 144 

vertical bandsaw, 103-108 

vertical borer, 137 
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